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Abstract
The Coastal Plain aquifers of New Jersey provide an 

important source of water for more than 2 million people. 
Steadily increasing withdrawals from the late 1800s to the 
early 1990s resulted in declining water levels and the forma-
tion of regional cones of depression. In addition to decreasing 
water supplies, declining water levels in the confined aquifers 
have led to reversals in natural hydraulic gradients that have, 
in some areas, induced the flow of saline water from surface-
water bodies and adjacent aquifers to freshwater aquifers. In 
1978, the U.S. Geological Survey began mapping the poten-
tiometric surfaces of the major confined aquifers of New 
Jersey every 5 years in order to provide a regional assessment 
of ground-water conditions in multiple Coastal Plain aquifers 
concurrently. In 1988, mapping of selected potentiometric 
surfaces was extended into Delaware. 

During the fall of 2003, water levels measured in 967 
wells in New Jersey, Pennsylvania, northeastern Delaware, 
and northwestern Maryland were used to estimate the poten-
tiometric surface of the principal confined aquifers in the 
Coastal Plain of New Jersey and five equivalent aquifers in 
Delaware. Potentiometric-surface maps and hydrogeologic 
sections were prepared for the confined Cohansey aquifer of 
Cape May County, the Rio Grande water-bearing zone, the 
Atlantic City 800-foot sand, the Vincentown aquifer, and the 
Englishtown aquifer system in New Jersey, as well as for the 
Piney Point aquifer, the Wenonah-Mount Laurel aquifer, and 
the Upper Potomac-Raritan-Magothy, the Middle and undiffer-
entiated Potomac-Raritan-Magothy, and the Lower Potomac-
Raritan-Magothy aquifers in New Jersey and their equivalents 
in Delaware.

From 1998 to 2003, water levels in many Coastal Plain 
aquifers in New Jersey remained stable or had recovered, but 
in some areas, water levels continued to decline as a result of 
pumping. In the Cohansey aquifer in Cape May County, water 
levels near the center of the cone of depression underlying the 
southern part of the peninsula remained about the same as in 
1998. To the south, recoveries up to 8 feet were observed in 

southern Lower Township as withdrawals had decreased since 
1998. In the northern part of Cape May County, water levels 
had not changed substantially from historic conditions. In the 
Rio Grande water-bearing zone, water levels rose by as much 
as 13 ft at the Rio Grande well field; elsewhere across the 
aquifer, little change had occurred.

In the Atlantic City 800-foot sand, water-level changes 
were greatest in southern Cape May County; at the Cape May 
desalination wells, water levels were as much as 32 ft lower in 
2003 than in 1998. In contrast, water levels at the center of a 
regional cone of depression near Atlantic City rose by as much 
as 10 ft. Within the Piney Point aquifer water levels rose by 
46 ft near Seaside Park. Similarly, water levels increased by 
more than 30 ft in and around the major cone of depression 
underlying Dover, Delaware. In the Vincentown aquifer, water 
levels stabilized or recovered by 2 ft to 6 ft from 1998 to 2003 
in most of the wells measured; the exception is near Adelphia 
in Monmouth County, where water levels rose by as much as 
18 ft.

From 1998 to 2003, water levels near the center of a large 
cone of depression that extends from Monmouth to Ocean 
County recovered by as much as 20 ft in the Wenonah-Mount 
Laurel aquifer. Concurrently, ground-water levels within the 
Englishtown aquifer system declined by as much as 13 ft in 
the same area. Water levels across much of the Upper Poto-
mac-Raritan-Magothy aquifer in the northern Coastal Plain 
remained about the same as 5 years previous, except in north-
ern Ocean County where ground-water levels declined 10 ft 
to 33 ft. Water levels in the Middle Potomac-Raritan-Magothy 
aquifer declined from 5 to 9 ft along the border between Mon-
mouth and Middlesex County. Elsewhere, across the northern 
part of the Coastal Plain, water levels stabilized within the 
Cretaceous-age aquifers.

In southern New Jersey, regional cones of depression 
persist in the Potomac-Raritan-Magothy aquifer system in 
Burlington, Camden, and Gloucester Counties. From 1998 to 
2003, water levels in these large cones were generally stable 
or recovering across much of southern New Jersey; recoveries 
from 5 ft to 10 ft occurred in all three aquifers, and exceeded 
20 ft in places within the Lower aquifer. In contrast, water 
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levels declined near the center of the cone of depression within 
the Lower aquifer in central Camden County. Water levels in 
the Middle Potomac-Raritan-Magothy aquifer declined by as 
much 7 ft in central New Castle County, Delaware; however, 
those within the major cone of depression in the Lower aquifer 
stabilized from 1998 to 2003. In general, water levels across 
the Wenonah-Mount Laurel aquifer recovered in Burlington, 
Camden, and Gloucester Counties from 1998 to 2003; rises of 
nearly 30 ft were observed in central Gloucester County. 

Introduction
Ground-water withdrawals from the Coastal Plain 

aquifers in New Jersey have increased steadily from less 
than 50 Mgal/d prior to 1920 to more than 300 Mgal/d in the 
late 1980s and early 1990s (unpublished data on file at the 
U.S. Geological Survey (USGS), New Jersey Water Science 
Center). As a result of extensive ground-water development, 
water levels in the confined aquifers have steadily declined, 
and regional cones of depression have formed. In addition 
to decreasing water supplies, declining water levels in these 
aquifers have caused reversals in natural hydraulic gradients. 
These reversals have induced local incursion of brackish or 
saline water from surface-water bodies and adjacent aquifers.

Prior to 1978, ground-water levels were measured 
and cones of depression were mapped in response to local 
hydrologic issues. In order to provide water-supply manag-
ers, regulators, and scientists with a regional assessment of 
ground-water conditions in multiple aquifers as well as insight 
into past and future water-management practices, the USGS, 
in cooperation with the New Jersey Department of Environ-
mental Protection (NJDEP), initiated a plan in 1978 to map 
the potentiometric surfaces of the major confined aquifers on a 
5-year cyclical basis. In 1988, the plan of study was expanded 
to include water-level measurements in Delaware in order 
to better define cones of depression that propagated beneath 
the Delaware River and Bay. In 1998, wells in northeastern 
Maryland were added to the plan to further define the cones 
of depression in Delaware. To date potentiometric surfaces in 
1978, 1983, 1988, 1993, and 1998 have been mapped. 

 In 1985, concern over the long-term decline in water 
levels in areas where ground water was the primary source of 
supply prompted the NJDEP to designate two water supply 
Critical Areas in the New Jersey Coastal Plain; Critical Area 1 
(CA 1) is in the east-central part of the State, and Critical Area 
2 (CA 2), is in the Camden area. Each Critical Area comprises 
a depleted zone and a threatened margin. The boundary of the 
depleted zone corresponds to the average 30-ft below poten-
tiometric contour (referenced to the National Geodetic Vertical 
Datum of 1929 (NGVD 29)) in each of the specified aquifers, 
based on the 1983 maps by Eckel and Walker (1986), and is 
composited at land surface (fig. 1). A 3-mi margin, known 
as the threatened margin, surrounds the depleted zone and 

addresses the potential for saltwater intrusion as a result of the 
decline in water levels. 

CA 1, designated in 1985, encompasses parts of Middle-
sex, Monmouth, and Ocean Counties (fig. 1). Withdrawal 
restrictions for CA 1 apply to the Wenonah-Mount Laurel 
aquifer, the Englishtown aquifer system, and the Upper and 
Middle Potomac-Raritan-Magothy (PRM) aquifers. Ground-
water withdrawals from production wells within the depleted 
zones of the Wenonah-Mount Laurel aquifer, the Englishtown 
aquifer system, and the Middle PRM aquifer were reduced 
by 50 percent of 1983 volumes, whereas those in the Upper 
PRM were reduced by 40 percent of 1983 volumes. Within 
the threatened margin, allocated withdrawals remain at 1983 
volumes (New Jersey Administrative Code, 2005). Withdrawal 
restrictions in CA 1 were implemented in 1989, but because 
access to alternate water supplies was not initially available, 
compliance by most individual purveyors was deferred until 
1991. 

 In an effort to stabilize declining water levels and retard 
the movement of saltwater from Gloucester County and 
downdip areas toward the Camden area cone of depression, 
CA 2 was designated in early 1993. The management area 
encompasses Camden, most of Burlington and Gloucester, and 
parts of Atlantic, Cumberland, Ocean, Monmouth, and Salem 
Counties (fig. 1), although regulations are most relevant to the 
first three counties. Restrictions on ground-water withdrawals 
apply only to the aquifers of the Potomac-Raritan-Magothy 
system and began in 1996. Ground-water withdrawals in the 
depleted zone were reduced by an average of 22 percent rela-
tive to 1983 volumes, whereas, within the threatened margin, 
withdrawals are limited to the maximum annual volume 
between 1983 and 1991 (New Jersey Administrative Code, 
2005). 

Specific water-supply measures introduced to curtail 
ground-water withdrawals include the use of the Manasquan 
Reservoir, completed in 1990 in Critical Area 1, which can 
supply the region with approximately 30 Mgal/d of surface 
water (New Jersey Water Supply Authority, 2005). The 
Tri-County Pipeline in Critical Area 2 began operation in 
1996 and provides water from the Delaware River to users in 
Burlington, Camden, and Gloucester Counties. Reductions in 
ground-water withdrawals along with the use of these alterna-
tive surface-water sources have resulted in substantial rises in 
water levels in these State-regulated Critical Areas.

Purpose and Scope

The purpose of this report is to document ground-water 
levels and regional potentiometric surfaces during 2003 for 
10 confined aquifers of the New Jersey Coastal Plain and 5 
equivalent aquifers in northern Delaware. Selected hydro-
graphs illustrate seasonal variations and the long-term effects 
of ground-water withdrawals. This report includes estimated 
water withdrawals from the 10 confined aquifers in New 
Jersey for 1978–2003. Withdrawals also are reported for the 
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five equivalent aquifers in Delaware for 1978–2001. Basic 
well-characteristic and water-level data from 1978 to 2003 
are presented in the appendixes. This report is the sixth in the 
series of reports that show the potentiometric surfaces for the 
major confined aquifers of the New Jersey Coastal Plain.

Description of Study Area

The study area (fig. 1) is about 7,700 mi2 and encom-
passes the Coastal Plain of New Jersey and Pennsylvania, the 
Delaware Bay, and parts of the Coastal Plain in Maryland and 
Delaware, as well as the nearshore areas of both New Jersey 
and Delaware. The area of study focuses on Atlantic, Burling-
ton, Camden, Cape May, Cumberland, Gloucester, Monmouth, 
Ocean, Salem, and parts of Mercer and Middlesex Counties 
in New Jersey; Kent and New Castle Counties in Delaware; 
parts of Philadelphia County in Pennsylvania; and Cecil, 
Kent, Queen Anne’s, and Caroline Counties in Maryland. The 
New Jersey counties of Mercer, Middlesex, Monmouth and 
Ocean are referred to in this report as the northern counties; 
the remaining counties within the State are referred to as the 
southern counties.

Hydrogeologic Framework
The Coastal Plain Province of New Jersey and Delaware 

consists of a southeastward dipping and thickening wedge of 
unconsolidated deposits of sand, silt, and clay of Cretaceous 
to Tertiary age underlain by basement rocks and overlain by 
a veneer of locally occurring Quaternary sediments. Coastal 
Plain sediments were deposited in various shelf, marginal 
marine, nearshore or coastal beach, and deltaic environments, 
the extent of which fluctuated in response to relative changes 
in sea level. Units composed of distinctly less permeable 
sediments (predominantly clays and fine-grained silts) form 
the confining units, and the more permeable sand units form 
the aquifers. These deposits are less than 50 ft thick along 
the western limit of the Coastal Plain (Fall Line) and thicken 
to more than 6,500 ft in southern Cape May County. Coastal 
Plain sediments of Cretaceous and Tertiary age generally 
strike northeast-southwest and dip 10 to 60 ft/mi to the south-
east (Zapecza, 1989); overlying Quaternary deposits are flat. 
Many of these units crop out near the Fall Line parallel to 
strike, transitioning into unconfined aquifers; others such as 
the Piney Point aquifer are wholly confined within the study 
area. Abundant freshwater available from these aquifers has 
enabled the development of many areas within the Coastal 
Plain by a large population.

The aquifers and confining units discussed in this report 
range in age from Cretaceous to Tertiary (table 1). A brief 
description of each aquifer is included in each section; for a 
more detailed discussion, Zapecza (1989) describes the hydro-
geology of New Jersey and Vroblesky and Fleck (1991), the 
hydrogeology of Delaware and Maryland. Sections A-A', B-B', 
and C-C' in figure 2a–c show the relative positions of the aqui-

fers and confining units in the northern, central, and southern 
New Jersey Coastal Plain.

Well-Numbering System
The well numbering system used in this report consists 

of a county code number followed by a sequence number for 
wells within that county. For example, well number 15-123 
is the 123rd well inventoried in Gloucester County. The codes 
for New Jersey, Pennsylvania, and Maryland Counties used 
in this report are listed in table 2. Well identifiers in Delaware 
are assigned by the Delaware Geological Survey and are 
numbered on the basis of a coordinate system using 5-minute 
quadrangles of latitude and longitude.

Previous Investigations

Previous potentiometric-surface maps in this series show 
ground-water levels in the study area at 5-year intervals from 
1978 through 1998: 1978, Walker (1983); 1983, Eckel and 
Walker (1986); 1988, Rosman and others (1996); and 1993 
and 1998, Lacombe and Rosman (1997, 2001). This series is 
supplemented by water-table maps for the unconfined aquifers 
within the following basins of the New Jersey Coastal Plain: 
Mullica River Basin (Johnson and Watt, 1996); Salem River, 
Raccoon, Oldmans, Alloway, and Stow Creek Basins (Johnson 
and Charles, 1997); Upper Maurice River Basin (Lacombe 
and Rosman, 1995); Great Egg Harbor River Basin (Watt and 
Johnson, 1992); Rancocas, Crosswicks, Assunpink, Blacks 
and Crafts Creek Basins (Watt and others, 2003); and the 
Toms River, Metedeconk River, and Kettle Creek Basins (Watt 
and others, 1994).

Data Collection and Analysis
Static water-level altitudes were measured in 881 wells in 

New Jersey, Pennsylvania, and Maryland by USGS personnel. 
Water levels were measured in an additional 86 wells in Dela-
ware by Delaware Geological Survey personnel. Water levels, 
which were measured during late October to mid-December 
2003, approximate annual average water levels in the study 
area. Low water levels typically occur during the late sum-
mer and early fall, and high water levels are observed during 
spring. 

Water levels were measured in industrial-, commercial-, 
irrigation-, and domestic-supply wells, production wells, and 
observation wells; wells were chosen on the basis of areal 
distribution within each aquifer. Water-level altitudes were 
measured using steel or electric measuring tapes, which are the 
most accurate devices, or by using an airline, which is the least 
accurate. Because accuracies of 1 ft or less are not typical, 
the airline method was used in limited instances and only at 
sites that were inaccessible for measuring by either electric or 
steel tape. Measurements made at observation wells represent 
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SYSTEM SERIES GEOLOGIC UNIT NEW JERSEY HYDROGEOLOGIC UNIT DELAWARE HYDROGEOLOGIC UNIT

Q
ua

te
rn

ar
y Holocene

Alluvial deposits
Undifferentiated

Beach sand and gravel

Pleistocene Cape May Formation Columbia group

Te
rt

ia
ry

Miocene

C
he

sa
pe

ak
e 

G
ro

up

Bridgeton Formation

Beacon Hill Gravel

Confining unit

Kirkwood Formation

Frederica aquifer

Confining unit

Rio Grande water-bearing zone Confining unit

Atlantic City 800-foot sand 

C
o m

po
si

te
 c

on
fin

in
g 

un
it

Eocene

Piney Point aquifer
Piney Point aquifer

Paleocene

C
re

ta
ce

ou
s

Upper Cretaceous

Confining unit

Red Bank Sand Red Bank Sand

Mount Laurel Sand
Mount Laurel aquifer

Confining unitMarshalltown Formation

Confining unit

Upper aquifer

Confining unit Confining unit

Middle aquifer Upper and Middle Potomac aquifers

Potomac group
Confining unit Confining unit

Lower Cretaceous Lower aquifer Lower Potomac aquifer

Pre Cretaceous Bedrock Bedrock confining unit Bedrock confining unit

Kirkwood-Cohansey 
aquifer system

Pennsauken Formation

Kirkwood-Cohansey 
aquifer system

Pocomoke aquifer

Cohansey Sand
Manokin aquifer

Cohansey aquifer

"Upper" Wildwood-Belleplain confining unit Federalsburg aquifer

"Lower" Wildwood-Belleplain confining unit Cheswold aquifer

Manasquan Formation

Vincentown Formation Vincentown aquifer Rancocas aquifer

Hornerstown Sand Hornerstown Sand*

Tinton sand

Navesink Formation

Wenonah-Mount Laurel aquifer
Wenonah Formation

Marshalltown-Wenonah confining unit

Englishtown Formation Englishtown aquifer system Englishtown aquifer

Woodbury Clay
Merchantville-Woodbury confining unit

Merchantville Formation

Magothy Formation

Po
to

m
ac

-R
ar

ita
n-

M
ag

ot
hy

 
aq

ui
fe

r s
ys

te
m

Magothy aquifer

Raritan Formation

Modified from Zapecza; 1989, Sugarman, 2001

Oligocene Piney Point 
Formation

Shark River
Formation

Table 1. Geologic and hydrogeologic units of the New Jersey Coastal Plain and hydrogeologic units of the Delaware Coastal Plain. 

[Shaded units are those discussed in this report; *, not designated as a formal aquifer by Zapecza (1989)]
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only about 33 percent of the network; in order to maximize 
the geographic distribution and to capture low water levels 
associated with withdrawals, the network was augmented with 
production wells. To ensure that water levels in production 
wells closely represented static conditions, pumps were turned 
off for a minimum of 1 hour before measurement of the water 
level in the well. In addition, nearby pumping was controlled 
at the time of measurement; pumps in all other high-capacity 
production wells screened in the same aquifer within 0.25 mi 
of the measured well were turned off for at least 1 hour prior 
to measurement of the water level. In accordance with USGS 
methods for the collection of water-level data, measurements 
were made in each well until two consecutive and similar mea-
surements were obtained at least 5 minutes apart. The resulting 
water-level measurement was considered representative of the 
local static conditions.

Ground water in four of the observation wells measured 
in this study had chloride concentrations in excess of  
5,000 mg/L. Water levels in these wells were converted from 
a measured saltwater hydraulic head to a calculated freshwa-
ter head. The conversion equation follows a modification of 
the Ghyben-Herzberg relation (Todd, 1980) to determine the 
equivalent length of freshwater in a well filled with saltwater:

 l
f
 = (p

s 
/ p

f 
)l

s 
, (1)

where l
f
 is length of the freshwater column in the well 

casing, p
s
 is the density of saltwater, p

f
 is the density of fresh-

water, and l
s
 is the length of saltwater column in the well cas-

ing. The density of freshwater is 1.00 g/cm3, and the density of 
the saltwater increases with increasing solute concentrations. 
The measured water levels and the freshwater equivalents are 
presented in the appendixes of the report.

The water level in a well represents the hydraulic head in 
the screened part of the aquifer. Hydraulic heads at each well 
were calculated by subtracting the water level, in feet below 
land surface, from the land-surface altitude, in feet above 
NGVD 29. In confined aquifers, this level stands above the top 
of the aquifer as a result of an increase in pressure with depth 
and the presence of overlying, relatively impermeable strata. 
Maps then were constructed depicting the areal distribution of 
hydraulic head within each aquifer; lines of equal hydraulic 
head are represented on these maps by potentiometric-surface 
contours. From these maps ground-water flow in each aquifer 
can be inferred, as flow is from areas of high to low hydraulic 
head and is assumed to be perpendicular to the potentiometric-
surface contours. Although most of the data used in this study 
are composed of measurements made in the confined parts 
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of the aquifers, in some cases, measurements made in the 
unconfined parts are included in order to guide placement of 
potentiometric contours at the aquifer outcrops. 

In 2003, a concerted effort was made to improve the 
locational accuracy, as well as the accuracy of land-surface-
altitude data at measurement sites by using Global Positioning 
System (GPS). GPS was used at more than 350 sites in the 
field, and resulting locations were compared with those stored 
in the Ground Water Site Inventory (GWSI) database in the 
USGS New Jersey Water Science Center. Where GPS was 
not available, other checks were accomplished by comparing 
well locations with those in the NJDEP Public Community 
Water Supply (PCWS) database and land-surface-altitude data 
with those derived from the Digital Elevation Model (DEM) 
10-meter grid of New Jersey (U.S. Geological Survey, 1999). 
Well locations and land-surface altitudes updated during this 
study are noted in the data tables for each aquifer, and water-
level altitudes for previous studies were adjusted accordingly. 

In this report, the term “observation well” refers not only 
to the original use of the well but to wells that had not been 
pumped during the 7 days prior to measurement. In addition, 
“production well” means a well that had not been pumped in 
the hour before water-level measurement but may have been 
pumped during the previous 7 days. In previous reports the 
term “observation well” referred to a well that had not been 
pumped within 24 hours prior to measurement. Because of 
widely varying characteristics among the aquifers within the 
study area, the residual effects of pumping also differ greatly, 
and therefore, this “idle period” for observation-well classifi-
cation was lengthened to greater than 7 days.

The location of the 10,000-mg/L line of equal chloride 
concentration (hereafter referred to as isochlor) was estimated 
for each major aquifer in the New Jersey Coastal Plain by 
use of the USGS SHARP computer model (Pope and Gor-
don, 1999). The SHARP model is a quasi-three-dimensional 
finite-difference code that can be applied to layered coastal 

aquifer systems to simulate both fresh and saltwater flow 
separated by a sharp interface (Essaid, 1990). The represented 
locations of the 10,000-mg/L isochlors for the aquifers of the 
Delaware Coastal Plain are based on maps by Vroblesky and 
Fleck (1991). The location of the 250-mg/L isochlor, which 
designates the limit of potable water in each aquifer as defined 
by NJDEP secondary drinking-water standards (New Jersey 
Administrative Code, 2004), is based on published maps that 
are cited for each aquifer. Modifications were made to these 
lines as water-quality data warranted. If no map was available 
to show the location of the 250-mg/L isochlor in a particular 
aquifer, the line was determined from chloride data stored in 
the USGS Water Quality Data Base. 

Ground-water withdrawal data cited in this report were 
obtained largely from unpublished sources, including files of 
the USGS New Jersey and Maryland Water Science Centers 
as well as the Delaware Department of Natural Resources and 
Environmental Control.

Cohansey Aquifer
The Cohansey aquifer in Cape May County is composed 

of gravel and coarse- to fine-grained sands and includes the 
lower part of the Cohansey Formation and the sand-rich upper-
most section of the Kirkwood Formation (Zapecza, 1989). 
Within the study area Pleistocene deposits of sand and clays 
overlie the Cohansey aquifer, providing effective confinement 
from surficial recharge. In northern Cape May County, the 
Cohansey aquifer underlies the Holly Beach water-bearing 
zone and is confined by a singular unit, whereas in the south-
ern part of the county two intervening confining units and 
the estuarine sand aquifer overlie the aquifer. The aquifer in 
Cape May County ranges in thickness from 50 ft near Ocean 
City to more than 150 ft near the southern tip of the peninsula 
(Lacombe and Carleton, 2002). The updip limit of the con-
fined aquifer is approximately along a north-northeast trending 
line from the Delaware Bay to eastern Cumberland County, 
and the northernmost limit of confinement is in northern Cape 
May County, approximately bounded by the Tuckahoe River.

Water Withdrawals and Extent of Freshwater

The distribution of withdrawals from the Cohansey aqui-
fer in Cape May County is shown in figure 3. The major users 
during 2003 withdrew water primarily for public supply with 
minor amounts for both industrial and irrigation purposes; 
most of these withdrawals occurred in the southern part of the 
peninsula in upland areas of Middle and Lower Townships. 
From 1978 to 2003, estimated ground-water withdrawals from 
the Cohansey aquifer ranged from 4.3 to 6.9 Mgal/d, with the 
maximum volume withdrawn in 1982 (fig. 4). Withdrawals 
from the aquifer were greatest during the 1980s when aver-
age daily ground-water withdrawals were in excess of 6 Mgal; 
with subsequent reductions in the early 1990s, the volume 

Table 2. County prefix codes used in well-numbering systems 
in New Jersey, Pennsylvania, and Maryland.

County name Code County name Code

New Jersey

Atlantic 01 Mercer 21

Burlington 05 Middlesex 23

Camden 07 Monmouth 25

Cape May 09 Ocean 29

Cumberland 11 Salem 33

Gloucester 15

Pennsylvania

Philadelphia P

Maryland

Cecil CE

Caroline CO
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decreased to approximately 5 Mgal/d. Withdrawal volumes 
increased again during 1996–98, but decreased thereafter with 
the introduction of the Atlantic City 800-foot sand desalination 
wells. During 2003 withdrawals from the Cohansey aquifer 
totaled 4.8 Mgal/d. In 2003, the Wildwood Water Department, 
the largest user of ground water from the Cohansey, withdrew 
an average of nearly 3 Mgal/d. Much of these withdrawals 
were concentrated at the pumping station at Rio Grande and 
accounted for nearly 62 percent of all withdrawals from the 
aquifer in 2003. The second largest user of the Cohansey aqui-
fer, Lower Township Municipal Utilities Authority (MUA), 
accounted for an additional 1.2 Mgal/d. Withdrawals by these 
utilities remained relatively constant from 1978 to 2003; how-
ever, substantial reductions after 1998 occurred in Cape May 
City farther to south.

The Cohansey aquifer contains freshwater throughout 
most of the extent underlying mainland Cape May County; 
however, saltwater is present in the aquifer beneath the 
extreme southern part of the peninsula, beneath the back bays 
and barrier islands north of Wildwood and south of Strath-
mere, and beneath near- and offshore areas of the Atlantic 
Ocean and the Delaware Bay (pl 1). Additionally, salt water 
has migrated into freshwater portions of the aquifer along the 
western coast of the peninsula. The 250-mg/L isochlor, origi-
nally mapped by Gill (1962) and updated by Lacombe and 
Rosman (2001) and Lacombe and Carleton (2002), has moved 
farther inland in the Villas area as indicated by the rapidly 
changing chloride concentrations observed in well 09-187, 
which increased from 190 mg/L in 1996 to 650 mg/L in 2003. 
A sample collected in early 2005 yielded a dissolved chloride 
concentration of 800 mg/L.

Water Levels

Water-level altitudes for 51 wells screened within the 
Cohansey aquifer (appendix 1) were used to map the 2003 
potentiometric surface (fig. 1–1 on pl. 1). Previous studies 
in this series mapped the potentiometric surface underlying 
only the southern half of the Cape May peninsula; in 2003, 
additional confined Cohansey wells in the central and northern 
parts of Cape May County were added to the study. Water-
level altitudes measured for all newly added wells ranged from 
9 to 34 ft above NGVD 29. The configuration of the poten-
tiometric surface in this area closely mimics that described by 
Gill (1962); a potentiometric high of greater than 30 ft is pres-
ent near the northwestern limit of the confined aquifer from 
which ground water flows downdip and to the east, discharg-
ing to the Tuckahoe River and offshore to back bays and the 
Atlantic Ocean (fig. 1–1 on pl. 1). The maximum water-level 
altitude within the aquifer was 34 ft at well 09-325, located 
near the northwestern limit of the confined aquifer. The 
potentiometric map also shows a regional cone of depression 
centered at the major withdrawal locations in the southern 
part of the peninsula, encompassing all of Lower Township, 
Cape May, and West Cape May, as well as large portions of 

Middle Township and Wildwood Crest. The minimum water 
level observed near the center of this cone was -22 ft NGVD 
29. The position of the -10-ft contour has shifted slightly to the 
north and east from its position in 1998; reductions in with-
drawals at the Cape May City wells have moderated the cone 
of depression in this area.

Within the regional cone, water levels remained stable or 
had recovered relative to those observed during the previous 
study. At the center of the cone of depression and to the north, 
water levels typically had not changed from 1998, whereas 
those south of the Cape May Canal recovered from 3 ft to as 
much as 8 ft. Water level rises of 4 and 5 ft at wells 09-54 
and 09-52, respectively, located near the western edge of the 
cone of depression, may correspond to moderate reductions 
in ground-water withdrawals in this area. Rises in water-level 
altitudes as great as 7 ft, resulting from substantial reductions 
(approximately 75 percent) in withdrawals that have occurred 
since 1998, were observed at the Cape May City wells in 
southern Lower Township. Recovering water levels in obser-
vation wells to the south in Cape May City, as well as in West 
Cape May also were attributed to these reductions.

Section C-C' (fig. 2c) shows a downward hydraulic 
gradient from the overlying estuarine sand aquifer to the 
Cohansey aquifer. A recent potentiometric surface has not 
been constructed for the estuarine sand aquifer; the potentio-
metric surface shown in figure 2c is based on previous work 
by Lacombe and Carleton (2002). Along the same section, 
a downward gradient from the Cohansey aquifer to the Rio 
Grande water-bearing zone also is present. The potential for 
downward flow is greatest in the northern part of the county, 
and weakens toward the southern tip of the peninsula.

Hydrographs for three observation wells located within 
the regional cone of depression at the southern end of the Cape 
are shown in figure 5. The hydrographs indicate that water lev-
els in all three wells stood at or below 0 ft NGVD 29 since the 
initial study in 1978. Water levels have fluctuated as much as 
19 ft seasonally; wells 09-60 and 09-150 are located closest to 
pumping centers and show the greatest variability. Water levels 
in well 09-80, located farthest from a pumping center near the 
northeast boundary of the cone of depression, show seasonal 
fluctuations from 5 to 7 ft. From 1978 to 2003, the annual high 
water levels at this well were at or slightly below 0 ft NGVD 
29, whereas at the end of the summer pumping season, water 
levels generally had declined to -7 to -9 ft. During this 25-year 
period, water levels declined only about 2 ft. The hydrograph 
of observation well 09-150, which is located near the southern 
tip of the Cape, shows that water levels rose from 1979 to the 
mid-1980s, stabilized through to the mid-1990s, then rose 
again through 2003. The increase in water levels in this well 
during 1979-86 resulted from the abandonment of two nearby 
industrial supply wells (Lacombe and Carleton, 2002); the 
rising water level as well as the smaller fluctuations observed 
at the latter end of the hydrograph were a result of reduced 
withdrawals by the city of Cape May. Well 09-60, is located 
in northern Lower Township less than 1 mi from the major 
pumping center at Rio Grande. The hydrograph indicates that 
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annual high water levels were typically -10 to -12 ft NGVD 
29, and summer water levels ranged from 4 to 19 ft below the 
annual highs. Withdrawals from the nearby pumping center 
remained nearly constant from 1980 through 2003 at approxi-

mately 3.3 Mgal/d; consequently, the water levels in this well 
do not indicate either a distinct upward or downward trend.
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Figure 3. Location and amount of ground water withdrawn from the confined Cohansey aquifer, Cape May County and vicinity, 
New Jersey Coastal Plain, 2003.

Y

0

2

4

6

8

10

W
A

TE
R 

W
IT

H
DR

AW
AL

S,
IN

 M
IL

LI
ON

 G
AL

LO
N

S 
PE

R 
DA

Y

1978  1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004 

YEAR

1983
study

1978
study

1988
study

1993
study

1998
study

2003
study
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Rio Grande Water-Bearing Zone
The Rio Grande water-bearing zone, as described by 

Zapecza (1989), is a relatively thin unit composed of coarse- 
to fine-grained sand situated midway within the confining bed 
that overlies the Atlantic City 800-foot sand. The updip extent 
of the Rio Grande water-bearing zone is generally coincident 
with that of the Atlantic City 800-foot sand; a line demarcating 
this limit extends from southern Ocean through eastern Cum-
berland County (fig. 1–2 on pl 1). The downdip limit of the 
aquifer is offshore and east of Ocean, Atlantic, and Cape May 
Counties. The Rio Grande water-bearing zone is generally 
40 ft thick throughout its extent in coastal Ocean and Atlan-
tic Counties (Zapecza, 1989) but thickens considerably in 
southeastern Cape May where, near Stone Harbor, it is as great 
as 170 ft thick (Lacombe and Carleton, 2002). Mapping of the 
potentiometric surface of this aquifer was initially included in 
the 1998 study. This aquifer is not present in Delaware.

Water Withdrawals and Extent of Freshwater

The Rio Grande water-bearing zone is of minor impor-
tance as a source of potable water in New Jersey. Withdrawals 
are made primarily by water purveyors in Long Beach and 
Little Egg Harbor Townships in southern Ocean County and 
in Middle Township in Cape May County (fig. 6). Addition-
ally, several local wells withdraw water from the aquifer, 
although the amounts are not thought to be substantial; these 
wells are scattered primarily throughout Cape May and eastern 
Cumberland Counties. Estimated withdrawals from 1978 to 
2003 averaged less than 1 Mgal/d; withdrawals in 2003 were 
approximately 0.6 Mgal/d (fig. 7). Withdrawal amounts were 
apportioned equally between Ocean and Cape May Counties 
from 1978 to 1988 (approximately 0.3 to 0.4 Mgal/d); thereaf-
ter, withdrawals generally were greater in Cape May County.

The location of the 250-mg/L isochlor is from Lacombe 
and Rosman (2001); limited data compiled following the 1998 
study do not warrant a modification of this line. Fresh ground 
water is present within the aquifer underlying coastal regions 
of the mainland and the barrier islands from its northwestern 
limit in southern Ocean County southward through most of 
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mainland Cape May County. The aquifer contains salty water 
south of the canal in southern Cape May County and likely 
beneath the back bays, barrier islands, and nearshore areas 
along the Atlantic Coast from Avalon to the city of Cape May. 
The location of the 10,000-mg/L isochlor has not been deter-
mined but may be at or near the location of the 10,000-mg/L 
isochlor in the underlying Atlantic City 800-foot sand.

Water Levels

Water-level data collected at 13 wells screened in the 
Rio Grande water-bearing zone (appendix 1) were used to 
construct the 2003 potentiometric surface (fig. 1–2 on pl. 1). 
The potentiometric-surface map shows an elongated cone of 
depression centered under the barrier island communities of 
coastal New Jersey from the Cape May peninsula northward 
to Ship Bottom in southern Ocean County. Water levels within 
the Rio Grande water-bearing zone ranged from a low of  
-33 ft (well 09-67) in southern Cape May to a maximum of 
34 ft NGVD 29 (well 01-219) in central Atlantic County. As 
noted by Lacombe and Rosman (2001), the shape and magni-
tude of the regional cone of depression results from induced 
leakage due to withdrawals and depressed heads within the 
underlying Atlantic City 800-foot sand. Locally, withdrawals 
at the Rio Grande well field in southern Cape May may be 
contributing to the low water levels in this vicinity.

Water levels at the Rio Grande well field rose by as much 
as 13 ft (app. 1) subsequent to the 1998 study owing to a 
25-percent reduction in ground-water withdrawals. Elsewhere, 
little change has occurred in the potentiometric surface. 

There is a downward hydraulic gradient from the Rio 
Grande water-bearing zone to the Atlantic City 800-foot 
sand as shown in section B-B’ (fig. 2b); Lacombe and Ros-
man (2001) also indicate a downward vertical gradient 
from the overlying water-table aquifer into the Rio Grande 
water-bearing zone. Along section C-C', a downward vertical 
gradient from the Cohansey aquifer to the Rio Grande water-
bearing zone is evident; this downward gradient strengthens 
to the northeast of this line and weakens toward the tip of the 
peninsula (fig. 2c). Along the same section an upward verti-
cal gradient from the Atlantic City 800-foot sand to the Rio 
Grande water-bearing zone is present in the area of the Rio 
Grande well field; however, farther to the southeast, the gradi-
ent again reverses and is downward to the underlying Atlantic 
City 800-foot sand. 

Hydrographs for two observation wells located in Cape 
May County are shown in figure 8. Data were collected inter-
mittently at these two wells, and distinct long-term trends are 
difficult to evaluate. For 1990 to 1993, when data are denser, 
seasonal fluctuations are evident in both wells. These fluctua-
tions are more pronounced in well 09-71 than in well 09-304 
and range from 8 to 20 ft. Well 09-71 is located near produc-
tion wells at the Rio Grande well field and the fluctuations 
reflect greater withdrawals during the summer tourist season. 
The most recent water-level data collected at well 09-71 indi-

cate a rise in water levels from late 1991 to December 2003 of 
approximately 24 ft.

Atlantic City 800-Foot Sand
The Atlantic City 800-foot sand as defined by Zapecza 

(1989) is composed of medium- to coarse-grained quartz 
sands with interspersed shell material. The aquifer is confined 
throughout its extent. The updip limit of the aquifer is based 
on the updip limit of the overlying confining unit and extends, 
from northeast to southwest, from southern Ocean County  
1.7 mi north of Barnegat Light to eastern Cumberland County 
(pl. 2). The downdip limit of the aquifer is offshore from 
Ocean, Atlantic, and Cape May Counties. The aquifer gener-
ally thickens downdip and down coast from a thickness of 40 
ft near Barnegat Light to more than 200 ft at Cape May City 
(McAuley and others, 2001).

Water Withdrawals and Extent of Freshwater

The Atlantic City 800-foot sand is the principal confined 
aquifer supplying water to New Jersey’s barrier island commu-
nities from Harvey Cedars in southern Ocean County to Cape 
May City and as far inland as Mays Landing and Egg Harbor 
City in Atlantic County. Withdrawals from the aquifer ranged 
from 18 to 24 Mgal/d during 1978 to 2003 (fig. 9). Withdraw-
als have gradually increased since 1978; however, changes in 
volume typically were less than 5 percent from year to year. 
Estimated withdrawals in 2003 totaled nearly 24 Mgal/d; 
withdrawal amounts were greatest in Atlantic County and 
least in Ocean County, where the aquifer thins and becomes 
less transmissive. From 1978 to 2003, withdrawals in Atlantic 
County ranged from 7.8 to 11.3 Mgal/d, gradually increasing 
through 2001 before decreasing slightly. In 2003, withdraw-
als in Atlantic County totaled approximately 10.1 Mgal/d, 
with nearly 60 percent of the withdrawals distributed along 
the barrier islands. Three major production centers are within 
Atlantic County: Absecon Island, Brigantine, and Pleasantville 
(fig. 10). The Absecon Island center includes Atlantic City, 
Margate, Ventnor, and Longport; in 2003 total combined with-
drawals here of 4 Mgal/d were the greatest of the three centers. 
Withdrawal trends for the Absecon Island production center 
were generally stable; from 1980 to 2003 estimated withdraw-
als fluctuated between 4 and 5 Mgal/d. Periods of increased 
withdrawal were typically followed by periods of reduced 
withdrawals. The Pleasantville production center includes both 
the Atlantic City MUA and New Jersey American Water Com-
pany-Atlantic production wells as well as production wells in 
eastern Hamilton Township; combined withdrawals in 2003 
were 3.4 Mgal/d. From 1980 to 2003, withdrawals from this 
area of the aquifer increased from 2 to nearly 3.5 Mgal/d. At 
Brigantine, an average of 1.9 Mgal/d was withdrawn from the 
aquifer in 2003. Withdrawals increased from 1.5 to 2 Mgal/d 
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during 1980–86; thereafter, combined withdrawals from the 
wells were approximately 2 Mgal/d.

In Cape May County, most ground-water withdrawals 
are distributed along the barrier islands; however, substantial 
withdrawals also occur near Cape May Court House and west 
of Cape May City at the southern end of the peninsula (fig. 
10). Withdrawals from the aquifer decreased during 1986–92 
to less than 6 Mgal/d; however, during 1992–2003 withdraw-
als increased by nearly 39 percent. In early 1998, a desalina-
tion plant in lower Cape May County began operation in order 
to augment the existing water supply, and by 2003, associ-
ated withdrawals were approximately 1 Mgal/d. Withdrawals 

within the county in 2003 totaled nearly 8 Mgal/d; this repre-
sents the highest total since 1978. 

The Atlantic City 800-foot sand contains freshwater 
throughout southern Ocean, Atlantic, and northern Cape May 
Counties, where dissolved chloride concentrations typically 
range from 2 to 20 mg/L. South of Avalon, ground water 
within the aquifer becomes progressively more chloride-rich, 
and near the southern tip of the Cape May Peninsula, chloride 
concentrations range from 400 to more than 1,500 mg/L. The 
mapped position of the 250-mg/L isochlor has not changed 
from that previously described by Lacombe and Rosman 
(2001); the position of the freshwater-saltwater interface  
(hereafter referred to as saltwater front) lies approximately  

1983
study

1978
study

1988
study

1993
study

1998
study

2003
study

1978  1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004 

YEAR

0

1

2

W
A

TE
R 

W
IT

H
DR

AW
AL

S,
IN

 M
IL

LI
ON

 G
AL

LO
N

S 
PE

R 
DA

Y

Figure 7. Estimated ground-water withdrawals from the Rio Grande water-bearing zone, New Jersey Coastal Plain, 1978–2003.
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4 mi to the south-southeast of production wells at Stone Har-
bor. Chloride concentrations in the production well (09-135) 
nearest the front have remained largely consistent over time. 
From the mid-1960s through 2000, concentrations ranged 
from 30 to 40 mg/L, only occasionally exceeded these values, 
and subsequently returned to antecedent levels. Recently 
reported (2004–06) chloride concentrations in samples col-
lected from a replacement well (09-521) nearer the front 
were as high as 87 mg/L and as low as 26 mg/L. Farther to 
the north and offshore of Atlantic County, the saltwater front 
is approximately 9.6 and 8 mi to the southeast of produc-
tion wells in Ventnor and Brigantine, respectively. Dissolved 
chloride in samples from production wells at Brigantine 
remained at levels consistently below 10 mg/L for the period 
of record through 2003. Similarly, data from production wells 
at Ventnor showed little or no sustained increase in dissolved 
chloride concentrations through 2003; from 1993 to 2003, 
reported values typically were less than 10 mg/L. Farther to 
the south, the saltwater front traverses the lower part of the 
Cape May peninsula, trending approximately east-west from 
Wildwood to the south of Villas. Chloride concentrations 
in samples from wells south of this line in lower Cape May 
County, although elevated, also have remained stable. The 
location of the 10,000-mg/L isochlor was simulated by use of 
the USGS SHARP computer model of the aquifers of the New 
Jersey Coastal Plain (Pope and Gordon, 1999). This interface 
is located approximately 36 mi offshore and to the southeast of 
Atlantic City.

Water Levels

Water-level data from 74 wells screened in the Atlantic 
City 800-foot sand are presented in appendix 2 and were used 
to map the 2003 potentiometric surface (pl. 2). The dominant 
feature in the potentiometric surface is an elongated cone 
of depression that extends beneath the coastal barrier island 
communities from Barnegat Light in Ocean County south 
to Cape May City. The deepest part of the cone is centered 

beneath the eastern Atlantic County municipalities of Atlantic 
City, Margate, and Ventnor. Water levels as low as 94 ft below 
NGVD 29 were observed in well 01-1256 in the center of the 
cone. At the northern end of the cone of depression, south of 
Barnegat Light, water levels ranged from -26 ft (well 29-112) 
near the northern limit of the confined aquifer to -33 ft (well 
29-9) near the southern end of Long Beach Island. Areas of 
even lower hydraulic head were observed near production 
wells on the island’s central section. Previously published 
potentiometric surface maps depicted localized cones along 
Long Beach Island at Harvey Cedars and Ship Bottom (Eckel 
and Walker, 1986; McAuley and others, 2001); in 2003 a 
localized cone with water levels lower than -40 ft was pres-
ent around production wells to the north and east of Beach 
Haven. Withdrawals at these and nearby wells did not increase 
appreciably from 1998 volumes, and the low water level may 
be an artifact of recent withdrawals at an adjacent well. Water 
levels rose slightly at both the north and south ends of this 
island; near the midsection of the island, the potentiometric 
surface was slightly lower than that observed in 1998. To the 
southwest from the center of the regional cone, water levels 
were progressively higher toward the southern end of the Cape 
May peninsula, where water levels ranged from -22 ft to less 
than -40 ft NGVD 29. The maximum water-level altitudes 
occurred near the updip limit of the aquifer in southern Ocean 
and central Atlantic County, where water levels were typically 
greater than 20 ft NGVD 29.

Water-level changes from 1998 to 2003 were calculated 
for 57 wells screened in the Atlantic City 800-foot sand. Dur-
ing this period, water levels had stabilized or had risen in most 
of the wells (82 percent) throughout the aquifer; however, 
changes in the potentiometric surface (declines) were greatest 
in southern Cape May County (fig. 11). Water levels at and 
in the vicinity of the Cape May City desalination wells were 
as much as 32 ft lower in 2003 than in 1998. Withdrawals at 
the desalination wells (09-480 and 09-507) began in 1998; by 
2003 total withdrawals from these wells were approximately 
1.1 Mgal/d. Water levels have recovered near the center of the 
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cone of depression underlying Ventnor and Atlantic City. In 
1998, water levels near the center of this cone were in excess 
of 100 ft below NGVD 29. By 2003, all water levels were 
higher than -100 ft, and the area encompassed by the closed 
80-ft contour had contracted from approximately 60 mi2 to 
30 mi2 or by about 50 percent. The seaward edge of the -80-ft 
contour has shifted from its position in 1998 of approximately 
4 mi offshore of Ventnor; in 2003, it was approximately 2 mi 
offshore, similar to its position in 1993. Combined withdraw-
als from 25 production wells in this area had decreased from 
1998 volumes by nearly 16 percent. 

A downward hydraulic gradient from the Rio Grande 
water-bearing zone to the Atlantic City 800-foot sand and an 
upward hydraulic gradient from the Piney Point aquifer to the 
Atlantic City 800-foot sand is shown in section B-B' (fig. 2b). 
An upward vertical gradient from the Atlantic City 800-foot 
sand to the Rio Grande water-bearing zone exists in the area 
of the Rio Grande well field (section C-C', fig. 2c); however, 
to the southeast, the gradient again reverses and is downward 
from the Rio Grande to the underlying Atlantic City 800-foot 
sand. 

Water-level hydrographs for seven observation wells 
screened in the Atlantic City 800-foot sand show long-term 
trends and seasonal fluctuations (fig. 12). Observation wells 
01-37 and 01-702 are located on Absecon Island in Atlantic 
City and Margate at the center of the cone of depression. Sea-
sonal water-level fluctuations due to interference from nearby 
production wells were substantial in both wells, occasion-
ally varying by more than 30 ft in a given year, and reflect 
increased withdrawals during the summer tourist season. 

Water levels generally were stable during 1988–94; how-
ever, water levels declined in both wells from 1994 to 1998. 
This decline was probably a result of increased withdrawals 
during that period; however, estimated withdrawals indicate 
an overall stable trend during 1994–98. During 1998–2003, 
water levels again recovered as estimated withdrawals from 
Absecon Island decreased by nearly 1 Mgal/d. From 1978 to 
2003, the net deficit in water levels on Absecon Island was 
approximately 20 ft. Observation wells 01-180 and 01-578 are 
located on the mainland and updip from withdrawal centers 
on the barrier islands. The hydrographs indicate water-level 
trends similar to those observed for wells 01-37 and 01-702; 
however, long-term decline and seasonal fluctuations were 
mitigated with distance away from the center of the cone.

The water-level hydrographs for wells in Cape May 
County (09-302, 09-306 and 09-337) indicate seasonal water-
level fluctuations ranging from 2 ft to 9 ft during 1989–2003. 
A continuous 5 ft to 6 ft water-level decline in the hydrograph 
record starting in early 1999 likely can be attributed to the 
Cape May City Water Department desalination wells (09-480 
and 09-507), which began withdrawals during this time. The 
net decline in water levels during 1989–2003 in these wells 
ranged from 5 ft to 14 ft, with the largest declines occurring 
near the southernmost part of the peninsula.

Piney Point Aquifer
The Piney Point aquifer, as described by Zapecza (1989), 

is composed of fine- to coarse-grained glauconitic sands 
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interspersed with shell material. The Piney Point is a confined 
aquifer that does not crop out within the study area, and there-
fore, cannot be recharged directly by precipitation; recharge 
occurs by leakage from other aquifers through the bounding 
confining layers. The updip limit of the aquifer is in central 
Ocean, Burlington, Camden, Gloucester and Salem Counties 
and approximately near the downdip limit of the Vincentown 
aquifer. Near this updip limit the aquifer is generally less 
than 40 ft thick. The downdip limit of the aquifer is offshore 
of Ocean, Atlantic, and Cape May Counties. There are two 
areas within the aquifer extent in New Jersey of substantial 
sand accumulation (Zapecza, 1989)—southern Burlington 
and Ocean Counties where thicknesses can exceed 130 ft 
and to the southwest in southern Cumberland County where 
maximum thicknesses are greater than 200 ft. In Delaware, 
the updip limit of the Piney Point aquifer is in central Kent 
County, and the downdip limit in Delaware extends into 
southeastern Sussex County (Vroblesky and Fleck, 1991). The 
aquifer is confined throughout its entire extent in Delaware. 
The maximum thickness of the aquifer in Delaware, approxi-
mately 250 ft, occurs near Dover.

Water Withdrawals and Extent of Freshwater

Ground-water withdrawals from the Piney Point aquifer 
were made predominantly in coastal regions of Ocean County, 
New Jersey, particularly in the central Barnegat Bay area and 
in Dover, Delaware (fig. 13). Withdrawals also were made in 
Buena Borough in western Atlantic County as well as at scat-
tered smaller capacity centers in updip parts of the aquifer in 
Burlington and Camden Counties where yields are favorable 
to development. Water-quality issues in the overlying Kirk-
wood-Cohansey aquifer have encouraged recent development 
of the Piney Point aquifer in and around the city of Bridgeton, 
in southern Cumberland County.

Withdrawals from the aquifer ranged from 1.8 to  
4.8 Mgal/d during 1978 to 2003 (fig. 14). Estimated with-
drawals for 2003 from the New Jersey portion of the aquifer 
totaled 4.8 Mgal/d. Withdrawals statewide were relatively 
constant from 1978 to 1992 at nearly 2 Mgal/d prior to a 
50-percent increase in 1993. From 1993 to 2003, withdrawals 
steadily increased largely due to increased development of the 
aquifer in Ocean County where, in 2003, withdrawals were 
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estimated to be 4.3 Mgal/d or 90 percent of all withdrawals 
within the State. Withdrawals increased in Buena from 0.1 to 
0.5 Mgal/d during 1978–86 but have since remained stable at 
less than 0.5 Mgal/d. In Delaware, most withdrawals from the 
Piney Point aquifer occurred in and around the city of Dover. 
Water withdrawals in Delaware increased from 3 Mgal/d in 
1978 to approximately 4 Mgal/d by 1994; withdrawals subse-
quently decreased to 3 Mgal/d in 2001 (fig. 15).

For this study, the location of the 250-mg/L isochlor in 
New Jersey was modified from Schaefer (1983) and Lacombe 
and Rosman (2001), and in Delaware, from Woodruff (1969). 
The location of this line lies more than 15 mi downdip from 
the production center at Buena; Lacombe and Rosman (2001) 
estimate the position of this line to the north at 12 mi downdip 
from production wells at Barnegat Light. Chloride concentra-
tions in production wells at Barnegat Light range from 5 to 
15 mg/L but are typically 10 mg/L or less; sustained increases 
have not occurred during the last decade. Similarly, chloride 
concentrations in ground water from observation wells near 
the saltwater front have not increased substantially, and the 
extent of freshwater remains similar to that in 1998. In Dela-
ware, the position of the front is approximately 10 mi downdip 
from the major production center at Dover. The location of 
the 10,000-mg/L isochlor was simulated by Pope and Gordon 
(1999) using a saltwater model simulation of the aquifers 
underlying the New Jersey Coastal Plain. 

Water Levels

The potentiometric surface of the Piney Point aquifer in 
late fall 2003 in New Jersey and Delaware is shown in plate 
3; water-level data that were used to define this surface are 
listed in appendix 3. Maximum water-level altitudes within the 
Piney Point aquifer were observed near the updip boundary 
straddling the border between Burlington and Ocean Counties, 
and the lowest water- level altitudes were observed in Kent 
County, Delaware, and along the barrier islands of eastern 
Ocean County, New Jersey. Five regional cones of depression 
are present in the Piney Point aquifer. The northernmost cone 
underlies Seaside Park in Ocean County near the area where 
the aquifer is most heavily developed in New Jersey; the mini-
mum water level at the center of this cone of depression was 
-48 ft. Water levels were substantially higher than in 1998; 
maximum increases observed at wells 29-808 and 29-537 of 
46 and 41 feet, respectively (app. 3), reflect an overall reduc-
tion in withdrawals from production wells in Seaside Heights 
and Seaside Park. Lacombe and Rosman (2001) observed 
considerable decline in the water levels in this area during 
1993–98; in 1998, the depth and breadth of this cone were at 
their maximum. By 2003, the configuration and magnitude of 
this cone was similar to that observed in 1983.

To the south, the cone of depression centered near Barne-
gat Light had a minimum water level of -40 ft (well 29-607). 
Slightly higher water levels subsequent to 1998 indicate a 
minor contraction of the cone’s overall extent. 

A cone of depression also is present in coastal Atlantic 
County, where the overlying Atlantic City 800-foot sand has 
experienced a sustained decline in water levels. The Piney 
Point aquifer is unused in this area, and the cone of depression 
may be in part a response to the decline in water levels in the 
overlying aquifer (Lacombe and Rosman, 2001). The 2003 
water level at the center of this cone (well 01-834) was -34 ft 
NGVD 29, 2 ft lower than that observed during the previous 
study. Water levels in the overlying Atlantic City 800-foot 
sand in this area, however, were stable to recovering during 
the same period.

In western Atlantic County, a cone of depression charac-
terized by water levels reaching below -20 ft is centered under 
the Borough of Buena and encompasses an area of approxi-
mately 90 mi2 from Hamilton Township to the east to Vineland 
in the west. The cone’s position and magnitude are similar to 
that in observed in 1998; however, its center has shifted nearly 
1 mi to the west probably as a result of a short-term shift in 
withdrawal patterns within the borough. Rising water levels 
were observed in wells in northeastern Buena, and withdraw-
als from the aquifer to the south and west that began in 2003 
contributed to declining water levels here. Water levels near 
the edge of the cone (the 0-ft contour) remained about the 
same.

In Delaware, a cone of depression with water levels as 
low as -160 ft NGVD 29 (well Jd34-18) persists in and around 
the city of Dover. The cone of depression is the deepest and 
most regionally extensive within the Piney Point aquifer. 
Substantial long-term withdrawals in this area have caused 
regional stresses within the aquifer to propagate over a large 
area and extend beneath the Delaware Bay into southern New 
Jersey that, until recently (2004), have been the primary cause 
of declining water levels in Cumberland County. Water levels 
at the center of this cone have recovered since 1998 (fig. 
11); near the edge of the cone, water levels have stabilized 
or declined slightly during this period. Rises in water levels 
of 9 ft to more than 30 ft decreased the depth at the center of 
the cone and considerably reduced the area within the -120-ft 
potentiometric-surface contour. Away from the center of the 
cone of depression, water-level change was more moderate to 
stable, and the area encompassed by the closed -40-ft potentio-
metric-surface contour was similar in size (approximately 600 
mi2) to that in 1998.

Section B-B' (fig. 2b) shows a downward hydraulic gradi-
ent from the overlying Kirkwood-Cohansey aquifer system 
to the Piney Point aquifer and a downward gradient from the 
Piney Point to the underlying Wenonah-Mount Laurel aquifer 
in the updip portion of the Piney Point aquifer. In the downdip 
direction and toward coastal Atlantic County, an upward gradi-
ent from the Piney Point aquifer into the Atlantic City 800-foot 
sand is prevalent.

Hydrographs of wells showing long-term water-level 
trends in the Piney Point aquifer are shown in figures 16  
and 17. Observation wells 29-425 and 05-676 are located  
near the potentiometric high in western Ocean and eastern 
Burlington Counties and distant from production centers to 
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the east (fig. 16). The hydrographs of both wells indicate 
stable water levels (approximately 120 ft NGVD 29) for the 
period of record. Similarly, the hydrograph of observation well 
05-407, which is located in the updip portion of the aquifer 
in central Burlington County, shows little variation in water 
levels from 1978 to 2003. 

Water levels in observation well 29-585, located west 
from the cones of depression at Seaside Park and Barnegat 
Light, were fairly constant prior to 1989 but declined about 
8 ft during 1989–96 because of increased withdrawals from 
nearby production well(s). In early 1997, withdrawals were 
reduced in the nearby wells, and water levels quickly recov-
ered to mid-1984 levels. The net change in water levels in well 
29-585 during 1983-2003 was a decline of 1 ft. Observation 
well 29-18 is located near the midway point between the two 
cones of depression underlying the barrier islands of Ocean 
County. The net change from 1978 to 2003 was a decline of  
4 ft. The nearly stable water levels for the duration of the 
record reflect the localized nature of the two cones.

Water levels have declined 2 ft to 7 ft in observation 
wells 11-44 and 11-163, respectively, in Cumberland County 
during 1998–2003 after declining at a constant rate of approxi-
mately 1 ft per year from 1978–97 (fig. 16). The water level in 
observation well 11-96, located near the shoreline in southern 

Cumberland County, also had declined at a rate of about 1 ft 
per year during 1978–93; from 1993 to 2003 the water level 
in this well remained unchanged at -34 ft. The water level in 
well Id55-01, located near the center of the cone of depression 
in Dover, Delaware, declined during 1978–91 but generally 
rose through 2003 (fig. 17). Despite seasonal fluctuations 
in water levels of as much as 22 ft, annual high water levels 
have increased by approximately 14 ft during 1991 to 2003. 
The rise in water levels in well Id55-01 and the stabilization 
of water levels in well 11-96 through 2003 are in response 
to a decrease in ground-water withdrawals since the early 
1990s in the Dover, Delaware, area (Lacombe and Rosman, 
2001). Observation wells Kc31-01 and Nc13-03 are located 
to the west and southwest of the regional production center, 
respectively. Water levels in both wells declined slowly during 
1978–93; thereafter, water levels generally were stable. The 
net decline from 1978 to 2003 at both wells was approxi-
mately 12 ft. Near the western limit of the study area, water 
levels in observation wells in eastern Caroline County, Mary-
land, exhibit a similar trend. The hydrographs for wells CO Bd 
53 and CO Dd 47 show gradually declining water levels from 
1983 through 2003; the total decline for this 20-year period 
was approximately 13 ft at both wells. Seasonal fluctuations 
in water levels in well CO Dd 47 typically were 4 ft to 5 ft in 
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response to withdrawals at a nearby production well in Den-
ton, Maryland.

Vincentown Aquifer
The Vincentown aquifer is composed of the sandy por-

tions of the Paleocene Vincentown Formation. Within the 
outcrop and from 8 mi to 10 mi downdip, the Vincentown 
Formation can yield quantities of ground water capable of 
sustaining small production and domestic-supply wells; 
beyond this extent, it functions primarily as a confining unit 
(Zapecza, 1989). In the outcrop and the shallow subsurface, 
the formation is composed primarily of a massive quartzose 
sand containing abundant glauconite, mica, and shell material. 
The formation grades to silty sand then to silt downdip from 
the outcrop (Sugarman, 1992). The aquifer is well defined in 
northern Ocean and southern Monmouth Counties but is less 
well defined in the rest of the Coastal Plain. The formation 
is thickest (more than 100 ft thick) in Monmouth County in 
east-central New Jersey, the area where it is used most often 
for water supply. Beyond Monmouth and Ocean Counties, 
the Vincentown Formation is silty and produces appreciable 
quantities of water only locally; the Vincentown aquifer is not 
a large source of water in any part of southwestern or south-
central New Jersey. In Delaware and eastern Maryland, the 
local equivalent is referred to as the Aquia-Rancocas aquifer 
(Vroblesky and Fleck, 1991), and the aquifer consists of the 
permeable sands of the Paleocene Rancocas Group. The updip 
limit of the confined aquifer is bounded by the outcrop of the 
Vincentown Formation, and its downdip limit extends into 
central Kent County. 

Water Withdrawals and Extent of Freshwater

The distribution of ground-water withdrawals from the 
Vincentown aquifer is shown in figure 18. Withdrawals for 
public supply are most prevalent in Monmouth County and 
parts of northern Ocean County; the aquifer in this area also 
is an important source for self supply. Withdrawals for self 
supply and irrigation also are made in the sandy portions of 
the aquifer in Salem and Burlington Counties and, to a lesser 
extent, in Gloucester and Camden Counties. Ground-water 
withdrawals from the Vincentown aquifer ranged from 0.75 
to 1.5 Mgal/d from 1978 to 2003 (fig. 19). During 2003, an 
estimated 1.2 Mgal/d of ground water was withdrawn from 
the aquifer. Production wells at two well fields located along 
the border between northern Ocean and southern Monmouth 
Counties accounted for nearly 60 percent (0.7 Mgal/d) of total 
withdrawals from the aquifer. Notable withdrawals also were 
made at a nearby golf course in Farmingdale and along the 
aquifer’s outcrop and subcrop in Burlington County. 

The 250-mg/L isochlor was not determined for the 
Vincentown aquifer; ground-water samples from the confined 
part of the aquifer contain chloride concentrations of 45 mg/L 

or less. The location of the 10,000-mg/L isochlor was not 
estimated for this aquifer. 

Water Levels

Water-level data from 26 wells screened in the Vincen-
town aquifer were used to define the 2003 potentiometric 
surface (pl. 4, app. 4). Where data were sparse, particularly 
in central Salem County, simulated water levels from Martin 
(1998) were used to estimate the position and shape of the 
contours. The configuration of the potentiometric surface for 
the Vincentown aquifer is nearly identical to that interpreted 
for 1998, as there was little observed change in water levels 
from 1998 to 2003. The highest water levels (> 150 ft) within 
the aquifer area occurred near the updip limit in western Mon-
mouth and northwestern Ocean County; the lowest observed 
water levels of 3 ft occurred in lower Salem County. Slightly 
to moderately higher water levels in several wells located 
within the Adelphia and Farmingdale quadrangles near the 
western limit of the aquifer caused the potentiometric con-
tours to shift slightly in the downdip direction in this area. The 
potentiometric high of 160 ft in this area reflects the prevailing 
water levels in the outcrop near here (Watt and others, 1994). 
Data from several observation wells added to the study in 
central Gloucester County indicate a local potentiometric high 
similar to that depicted by Martin (1998). Decreasing water 
levels to the southwest from here indicate regional flow is 
toward the Delaware River.

The largest change observed within the aquifer occurred 
at the Aldrich well field, located along the border between 
Ocean and Monmouth Counties, where the water level in well 
25-451 rose by approximately 18 ft. Withdrawals from this 
well were at their peak in 1998, but by 2003 withdrawals had 
decreased by nearly 120 Mgal. To the northwest and near the 
regional potentiometric high, the water level in well 29-660 
rose 10 ft relative to 1998 levels. Water levels elsewhere 
within the aquifer generally were stable to rising since 1998.

A downward hydraulic gradient from the water-table 
aquifer to the Vincentown aquifer and a downward gradient 
from the Vincentown aquifer to the Wenonah-Mount Laurel 
aquifer are shown in section A-A' (fig. 2a). The downward 
gradient to the Wenonah-Mount Laurel aquifer is strongest 
near the downdip limit of aquifer as water-level altitudes in the 
underlying aquifer increasingly become depressed.

Long-term water-level data for the Vincentown aquifer 
are represented in figure 20. The hydrographs of observation 
wells 29-139 and 5-1250 show near constant water levels 
for the period of record. The hydrograph of observation well 
25-636 shows a rise of 16 ft during 1988–91; thereafter, water 
levels remained constant. Seasonal variations in water levels 
were greatest (4 ft) in this well owing to its location near the 
area where the aquifer is most utilized. Long-term water-level 
data were not available for the southern extent of the aquifer.
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Wenonah-Mount Laurel Aquifer
The Wenonah-Mount Laurel aquifer is composed of the 

sand of the Mount Laurel Formation and, locally, the upper 
part of the Wenonah Formation where the latter is not com-
posed predominantly of silt. The Mount Laurel Formation is 
a slightly glauconitic, micaceous quartz sand; shell beds are 
fairly common throughout. The upper part of the Wenonah 
Formation consists of slightly glauconitic clayey fine sand 
or silt containing abundant lignite fragments and occasional 
pyrite (Owens and others, 1970); the formation grades to a 
silt at its base. The aquifer crops out within the exposures of 
the Mount Laurel and Wenonah Formations in Monmouth and 
Middlesex Counties in the northeastern portion of the Coastal 
Plain to Salem County in the southwest (pl. 5). The down-
dip limit of the aquifer is offshore of Monmouth and Ocean 
Counties; in the southern New Jersey Counties of Atlantic, 
Cumberland, and Cape May this limit is poorly defined. The 
productivity at any location is based on the thickness and silt 
content of the materials composing the aquifer. The aquifer is 
thickest in southwestern New Jersey (western Salem, and cen-

tral Gloucester and Camden Counties) where it is used most 
often for water supply. In this area thicknesses of 100 ft to  
200 ft are common (Zapecza, 1989). To the southwest in 
Salem County, the silt content increases, and the produc-
tive sands decrease accordingly. In the northeastern part of 
the Coastal Plain, the aquifer also is used for water supply 
in central and eastern Monmouth and northern Ocean Coun-
ties; the aquifer here is generally 60 ft to 80 ft thick (Zapecza, 
1989) although thicknesses may exceed 100 ft in some areas 
of Monmouth County. Vroblesky and Fleck (1991) refer to 
the equivalent unit in Delaware and eastern Maryland, as the 
Severn aquifer; the aquifer corresponds to the sandy portions 
of the Severn Formation in eastern Maryland and the Mon-
mouth Formation in Delaware. State agencies in Delaware 
currently refer to this unit as the Mount Laurel aquifer. The 
updip limit of the Mount Laurel aquifer in Delaware is located 
in central New Castle County south of the Chesapeake and 
Delaware Canal, and the downdip limit extends to the south-
east of Sussex County. The aquifer here is typically less than 
100 ft thick.
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Water Withdrawals and Extent of Freshwater

The major withdrawal centers for the Wenonah-Mount 
Laurel aquifer are in southern New Jersey in a narrow band 
from central Burlington County to central Salem County from 
the outcrop to less than 10 mi downdip (fig. 21). Another 
pumping center is located in eastern Monmouth County in 
close proximity to the coast. Average daily withdrawals for 
2003 for the entire study area were estimated at 7.9 Mgal/d 
(fig. 22). This value does not include withdrawals in Dela-
ware, which are thought to be insubstantial; at the time of 
compilation of this report, 2003 withdrawal data for Delaware 
were not available. Most withdrawals occurred in the southern 
counties of New Jersey; by 2003 the combined withdrawals 
from Monmouth and Ocean Counties totaled only 0.6 Mgal/d. 
From 1978 to 2003 estimated withdrawals ranged from 4.1 to 
8.7 Mgal/d. Withdrawals in the northern counties decreased 

from about 1.4 Mgal/d in 1978 to 0.6 Mgal/d in 2003, with the 
largest decrease occurring in 1991 as a result of the imple-
mentation of CA 1 cutbacks. During the same period, ground-
water withdrawals in the southern counties increased from 4.4 
to 7.2 Mgal/d, with peak volumes of greater than 8 Mgal/d 
occurring during 1997–98. From 1996 to 1997, estimated 
withdrawals from the southern counties increased by 34 per-
cent, the largest 1-year increase observed for the aquifer.

In Delaware, the aquifer is used principally in central 
New Castle County from the outcrop to about 4 mi down-
dip. Withdrawals are primarily for self supply and irrigation 
although the aquifer is used for public supply in the Middleton 
and Odessa areas. The aquifer is used only locally in northern 
Kent County. Reported usage from 1978 to 2001 ranged from 
less than 0.1 to 0.7 Mgal/d (fig. 23); withdrawals during this 
time period were typically less than 100,000 gal/d. Average 
daily withdrawals increased slightly subsequent to 1990 to 
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the maximum of 0.7 Mgal/d in 2000. The reason for this peak 
in withdrawals is unclear; it could be due to discrepancies in 
allocation reporting. 

The mapped location of the 250-mg/L isochlor is in 
southern Cumberland and Salem Counties. The position of this 
line, originally described by Lacombe and Rosman (1997), 
has not been moved landward but has been extended to the 
Delaware River in western Salem County on the basis of 
recent elevated chloride concentrations in ground water in the 
Artificial Island area. The aquifer contains salty water along 
the Delaware estuary and bay front in southern Cumberland 
and Salem Counties to more than 2 mi inland in the southwest-
ern part of Salem County. Elevated chloride concentrations 
(> 50 mg/L) also are present in the ground water near the city 
of Salem, but elsewhere in southern New Jersey where the 
aquifer is utilized, the ground water is generally fresh, contain-
ing chloride in concentrations typically below 25 mg/L. The 
250-mg/L isochlor was not determined for the northern extent 
of the aquifer as the highest chloride concentrations in water 
from production wells farthest downdip and along the coast 
in Monmouth County typically were less than 25 mg/L. The 
location of the 10,000-mg/L isochlor was simulated by use of 
the SHARP model (Pope and Gordon, 1999) and is located 
approximately 18 mi offshore of southern Ocean County. This 
line lies progressively closer to the coastline toward the south-
west, where it is located onshore in lower Cape May County. 
Depth to the top of the aquifer in this area is considerable, and 
the aquifer here is poorly defined.

Water Levels

Water levels measured in 132 wells in New Jersey and 9 
wells in Delaware (app. 5) were used to define the 2003 poten-
tiometric surface of the Wenonah-Mount Laurel aquifer  
(pl. 5). Simulated contours by Voronin (2004) were used to 
guide the closure of contours at the eastern or offshore edges 
of the major cones of depression where data are sparse or 
absent. The map of the 2003 potentiometric surface shows 
high ground-water levels near the outcrop in the northern 
counties of New Jersey, a ground-water low near the out-
crop in central Burlington County, and three major cones of 
depression within the aquifer. The highest water levels within 
the confined aquifer occur near the outcrop in Monmouth 
County (150 ft in well 25-412); the lowest water levels occur 
in coastal Monmouth County and along the border of central 
Camden and Gloucester Counties. The northernmost cone of 
depression, located in coastal Monmouth County, is elongate 
in shape and centered beneath the boroughs of Point Pleas-
ant, Brielle, and Spring Lake Heights, extending throughout 
a broad (440 mi2) area from Seaside Park in northern Ocean 
County north to Long Branch in Monmouth County and west 
to beyond Lakewood. Minimum water levels of -72 ft (well 
25-391) and -76 ft (well 29-37) NGVD 29 observed near the 
deepest part of the cone represent a rise of 11 ft and 14 ft, 
respectively, from levels observed in 1998. Within the area 

encompassed by the 0-ft contour, ground-water withdrawals 
from the aquifer in 2003 were estimated to be 0.2 Mgal/d. 
This volume is not substantial when considering the depth and 
breadth of this cone; the relatively low transmissivity of the 
aquifer of 500 to 700 ft2/d (Martin, 1998) coupled with long-
term withdrawals from the underlying Englishtown aquifer 
system (nearly twentyfold that of the Wenonah-Mount Laurel 
aquifer) contribute to the size and persistence of the cone.

The central cone of depression, the smallest of the three, 
is centered under the community of Browns Mills and has a 
minimum water level of -32 ft NGVD 29 (well 05-366). This 
cone of depression has been represented on potentiometric-
surface maps since the initial study in 1978. Ground-water 
withdrawals in 2003 from nine wells in the Browns Mills 
area were modest at approximately 0.7 Mgal/d. Since 1980, 
withdrawal amounts from these same wells have been fairly 
consistent. In 1980, withdrawals were estimated at 0.8 Mgal/d, 
peaking at 1.2 Mgal/d in the early 1990s and subsequently 
decreasing to the current amount. As a result, the area encom-
passed by the 0-ft contour has contracted from that in previous 
years.

The southern cone of depression, underlying parts of cen-
tral Burlington, Camden, and Gloucester Counties, is demar-
cated by the 0-ft water-level contour. This elongated cone of 
depression is a recent phenomenon; it began to form following 
the 1983 study. Three smaller local cones have since merged 
to form the larger, more regionally extensive cone of depres-
sion present in 2003. The northernmost local cone of depres-
sion is located within the Medford Lakes quadrangle and has 
a minimum water level of -31 ft (well 05-1253). The two 
southern local cones of depression, centered within the Pitman 
East quadrangle, encompass parts of Camden and Gloucester 
Counties. The minimum water levels of -71 ft (well 07-847) 
and -23 ft (well 15-1060) NGVD 29 represent increases of  
10 and 24 ft, respectively, from the previous study  
(Lacombe and Rosman, 2001).

Water levels in Delaware range from 25 ft (well Ec51-19) 
in the outcrop area in the southern St. Georges quadrangle to 
-13 ft (well Fc42-35) in the eastern Middletown quadrangle. 
A small localized cone of depression underlies the town of 
Odessa where water levels have declined to below NGVD 29. 

A downward hydraulic gradient from the overlying 
Wenonah-Mount Laurel aquifer to the Englishtown aquifer 
system is shown along the entire section A-A' (fig. 2a). Along 
section B-B' a downward gradient is present in the updip area 
from the Wenonah-Mount Laurel aquifer to the Englishtown 
aquifer system (fig. 2b). Lacombe and Rosman (2001) noted 
an upward gradient from the Englishtown aquifer system to 
the Wenonah-Mount Laurel aquifer, based on data collected in 
1998, that is still present in 2003.

Changes in water levels during 1998 to 2003 within the 
Wenonah-Mount Laurel aquifer are depicted in figure 24a. 
Within the northern counties, water levels rose in 65 percent of 
those wells measured. The potentiometric surface of the aqui-
fer, in general, rose 5 to 10 ft near the center of the regional 
cone of depression underlying eastern Monmouth County. 
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Greater rises in water levels were observed at wells slightly 
to the north and west; rises of 21 ft (well 25-335) and 18 ft 
(well 25-14) in two wells may have been enhanced owing to 
prolonged inactivity at or near the production wells relative to 
the previous study, and actual recovery was likely less in mag-
nitude. Away from the center of the cone, rises in water levels 
become more subtle. Ground-water withdrawals have declined 
appreciably from 1998 to 2003; estimated withdrawals from 
15 production wells located within the 0-ft contour declined 
by 30 Mgal or 30 percent. Beyond the 0-ft contour and to the 
north and west, the potentiometric surface showed little to no 
change from 1998. This was an expected result as the aquifer 
was little used here. In a small area of central Jackson Town-
ship, water levels declined from 4 ft to 6 ft since the previous 
study in 1998. Ground-water withdrawals increased in this 
vicinity during this period.

Prior to the recovery of water levels in the early 1990s 
and the subsequent stabilization of heads in the Monmouth/
Ocean County area during the last few years, water levels 
as low as -215 ft NGVD 29 observed during the late 1980s 
indicated a maximum decline of nearly 260 ft from prede-
velopment levels. In 1989, the NJDEP mandated reductions 
in ground-water withdrawals in the Wenonah-Mount Laurel 
aquifer and deeper aquifers in this area (CA 1) in response to 

steeply declining water levels and concern over the sustain-
ability of the supply. Upon completion of the Manasquan 
reservoir in 1991, withdrawals from confined Coastal Plain 
aquifers in this area were reduced and replaced with surface-
water withdrawals and to a lesser extent, withdrawals from 
shallower, unconfined aquifers (Watt, 2000), initiating a 
reversal in the long-term decline in water levels. By 1993 
withdrawals from the Wenonah-Mount Laurel aquifer were 
reduced to approximately 50 percent of 1983 amounts. As a 
result, water levels in the aquifer recovered more than 50 ft 
during 1989–93, and the overall extent and depth of the cone 
of depression decreased. Water levels continued to rise in the 
cone of depression and by 2003 had recovered more than 140 
ft from lows of -215 ft and -210 ft NGVD 29 in 1988. Water-
level changes in the Wenonah-Mount Laurel aquifer and other 
Cretaceous-age aquifers from 1988 to 2003 are shown in 
figure 25. This 15-year period was chosen for representation 
because the 1988 study was the last cycle predating mandatory 
restrictions in CA 1. Water levels recovered, on average, 30 ft 
across CA 1, by more than 40 ft across 30 percent (200 mi2) 
of the critical area, and by more than 80 ft in a 72-mi2 area (11 
percent) along coastal Monmouth and Ocean Counties.

 In the southern counties of the New Jersey Coastal Plain, 
however, ground-water levels declined between 1988 and 
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Figure 22. Estimated ground-water withdrawals from the Wenonah-Mount Laurel aquifer, New Jersey Coastal Plain, 1978–2003.

1983
study

1978
study

1988
study

1993
study

1998
study

2003
study

1978  1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  

YEAR

0.001

1

5

W
A

TE
R 

W
IT

H
DR

AW
AL

S,
 IN

M
IL

LI
ON

 G
AL

LO
N

S 
PE

R 
DA

Y

0.01

0.1

Figure 23. Estimated ground-water withdrawals from the Mount Laurel aquifer, Delaware Coastal Plain, 1978–2001.
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2003 as withdrawals increased due to CA 2 restrictions placed 
on the deeper PRM aquifer system. Although the decline in 
water levels in the Wenonah-Mount Laurel aquifer has abated 
during the last 5-year cycle, water levels near the center of 
the cone of depression fell more than 80 ft during this 15-year 
period. 

Ground-water withdrawals in and around the central cone 
of depression at Browns Mills have decreased slightly from 
volumes reported during the 1998 study. Consequently, mod-
erate rises of 4 ft to 5 ft were observed during 1998 to 2003.

Water levels within the regional southern cone of depres-
sion generally have stabilized or risen subsequent to the 1998 
study. Water levels rose in most of the wells within this area 
from 1998 to 2003. The greatest rises were observed in an 
area east of Glassboro, Gloucester County, near the south-
western edge of the regional cone of depression. However, 
some double-digit recoveries in this area may be artifacts of 
the measurement process as several production wells remained 
idle for longer periods prior to measurement in 2003 than in 
the previous study. The maximum rise in water level of 29 
ft in this area occurred in observation well 15-1203 near the 
southwest edge of the regional cone of depression. This well is 
proximal to two production wells; withdrawals decreased from 
1998 to 2003 but by only a few percent. This reduction in 
withdrawals was likely not the sole cause for this rise in water 
level. To the northeast and at the center of the southern cone, 
water levels rose approximately 10 ft. Elsewhere in this area, 
water levels typically were stable to slightly rising. One excep-
tion was well 05-1253, located near Medford Lakes, where the 
water level was 15 ft higher than in 1998. Withdrawals also 
decreased, albeit slightly, during this period. To the southwest, 
in Salem County, water levels remained stable.

Ground-water withdrawals in the area underlain by the 
southern cone of depression peaked in the late 1990s at more 
than 4 Mgal/d; withdrawals had steadily increased from 0.5 
Mgal/d in 1980 to approximately 2.7 Mgal/d in 1995. Man-
dated restrictions on withdrawals from aquifers in the PRM 
system in southern New Jersey effected a sharp increase in 
withdrawals from the Wenonah-Mount Laurel aquifer dur-
ing 1996–97. From 1993–98 the potentiometric surface of 
the Wenonah-Mount Laurel aquifer had declined more than 
40 ft in the greater Camden area. Stable to slightly declin-
ing withdrawals from 1999 to 2003 are a result of voluntary 
reductions in ground-water withdrawals in the aquifer and the 
introduction of surface water for supply into some areas by the 
expansion of New Jersey American Water Company’s Delran 
Pipeline in the late 1990s. As a result, the cones of depression 
in the Wenonah-Mount Laurel aquifer have decreased in the 
greater Camden and Gloucester areas in recent years.

Water-level hydrographs for eight USGS observation 
wells for 1978 to 2003 indicate that water levels remained 
fairly constant since the previous study in 1998 (figs. 26 and 
27). Observation well 07–478 is located approximately 4 mi 
from any major ground-water withdrawals but within the 
regional cone of depression in southern New Jersey. Fol-
lowing a 70-ft water-level decline over an 18-year period, 

water levels stabilized and, in fact, have begun to rise slightly 
during the last 2 years of record. Wells 33-20 and 33-252 are 
located in Salem County to the southwest of this regional 
cone. Water levels gradually declined about 8 ft in well 33-20 
during 1978–98 before stabilizing; water levels in well 33-252 
show virtually no change from 1978 to 2003. Well 07-118 is 
located near the outcrop in Camden County where ground-
water withdrawals are minimal. The hydrograph of this well 
also indicates little change in water levels for the represented 
period of record. Seasonal fluctuations observed in these wells 
were moderate; variability was greatest in well 33-20 at 4 ft to 
5 ft.

Hydrographs show that water levels increased 20 and 30 
ft in wells 25-353 and 25-637, respectively, during 1990-94 
and rose an additional 15 ft during 1994–98 (fig. 27). From 
1998 to 2003 water levels stabilized or declined slightly. Both 
wells are located near the western edge of the northern cone of 
depression. The hydrograph of well 29-140, which is situated 
in an area away from substantial withdrawals, shows only 
slight decline for the period of record. Water levels in well 
25-486, located near the center of the major cone of depres-
sion, were far below NGVD 29 at -180 ft during the mid-
1980s. Owing to the aforementioned imposed restrictions on 
ground-water withdrawals in this region, water levels rose  
90 ft during 1990–94. From 1994 to 1998, water levels recov-
ered by an additional 25 feet in this well. Subsequent to 1998, 
water levels here generally have stabilized. Seasonal water-
level fluctuations were greatest near the center of the cone of 
depression, with maximum fluctuations approaching 20 ft.

Englishtown Aquifer System
The Englishtown Formation is a fine- to medium-grained 

feldspathic and quartzose sand that in some places grades to 
a silt. The formation is thickest (200 ft) in Monmouth County 
and remains sandy and thick a substantial distance downdip 
from the outcrop; therefore, the aquifer yields large quanti-
ties of water in Monmouth and Ocean County. In central 
and southern Ocean County, a confining unit partitions the 
Englishtown into an upper and lower aquifer. The Englishtown 
Formation thins considerably to the southwest, where sandy 
units become thin and discontinuous in southwestern New Jer-
sey (Zapecza, 1989), and silt beds predominate. The downdip 
limit of the aquifer is approximately 34 mi to the southeast of 
the outcrop area in Ocean County; in the southern portion of 
the Coastal Plain, the lateral extent of the aquifer decreases 
to about 12 mi in southern Salem County. Transmissivity in 
the Englishtown aquifer system decreases significantly to 
the southwest as the geologic material becomes finer-grained 
(Nichols, 1977), and little water is produced from the aquifer 
in the southwestern part of the State (Zapecza, 1989).  
The Englishtown aquifer is recognized in Delaware; however, 
its usage is limited.
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Figure 26. Water-level hydrographs for observation wells screened in the Wenonah-Mount Laurel aquifer in the southern counties of 
the New Jersey Coastal Plain, 1978–2003.

Figure 27. Water-level hydrographs for observation wells screened in the Wenonah-Mount Laurel aquifer in the northern counties, 
New Jersey Coastal Plain, 1978–2003.
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Water Withdrawals and Extent of Freshwater

Withdrawals from the Englishtown aquifer system are 
made primarily in Monmouth and northern Ocean Counties 
and in central Camden County; however, scattered produc-
tion centers are present throughout north-central Burlington 
County (fig. 28). The aquifer is used only locally in eastern 
Mercer County and near the outcrop in Salem and Gloucester 
Counties; usage here is limited primarily to domestic self sup-
ply. Total withdrawals from the Englishtown aquifer system in 
2003 were estimated to be approximately 8 Mgal/d, with those 
from the northern counties accounting for 70 percent of this 
volume (fig. 29). Total statewide withdrawals decreased from 
approximately 11 Mgal/d in 1978 to less than 7 Mgal/d by 
1996; withdrawals increased in 1997 to nearly 9 Mgal/d, then 
decreased and stabilized at approximately 8 Mgal/d through 
2003. Total withdrawals from the northern counties have 
remained largely constant at about 5.5 Mgal/d since 1993; 
previously, withdrawals decreased from 10.3 Mgal/d in 1978 
to 6.3 Mgal/d in 1992. Decreases in withdrawals from 1989 to 
1991 are most notable.

Withdrawals from the aquifer system in the southern 
counties remained constant at approximately 0.5 Mgal/d from 
1978 through 1987 (fig. 29); in 1988 withdrawal amounts 
began to increase gradually. By 1996, estimated withdraw-
als were nearly 1.7 Mgal/d; a sharp increase to 3.3 Mgal/d 
followed in 1997. In 1997 in Camden County, estimated 
withdrawals more than doubled from the previous year. This 
increase in the use of the Englishtown aquifer system is likely 
a consequence of restrictions placed on withdrawals from the 
deeper PRM system in 1996. Since then, withdrawals from 
this portion of the aquifer system have decreased gradually, 
and by 2003 total withdrawals were estimated at 2.4 Mgal/d.

Concentrations of dissolved chloride in samples from 
wells within the confined part of the aquifer only occasion-
ally exceeded 25 mg/L along coastal Monmouth County, 
and concentrations in most samples were below this value. 
Therefore, the 250-mg/L isochlor is not represented on plate 6. 
A recent sample from well 25-771 on Sandy Hook confirmed 
a previous analysis of dissolved chloride in excess of 15,000 
mg/L. The saline water is present below a 5-ft-thick clay lens 
(Lacombe and Rosman, 2001) and is effectively segregated 
from the upper part of the aquifer where the ground water is 
fresh. The 10,000-mg/L isochlor was not simulated by Pope 
and Gordon (1999) and, therefore, is not represented on 
plate 6.

Water Levels

Water-level data for 84 wells screened in the Englishtown 
aquifer system are listed in appendix 6. The highest water 
levels within the confined aquifer were measured near the 
outcrop in western Monmouth County (well 25-787, 114 ft)
and the lowest, along the Monmouth/Ocean County boundary 
near Point Pleasant (well 29-52, -115 ft). The major feature of 

the ground-water flow system is a prominent cone of depres-
sion underlying northeastern Ocean and eastern Monmouth 
Counties (pl. 6). This large and deep cone of depression previ-
ously has been well documented; a 1958 piezometric map by 
Seaber (1965) showed water levels in this area in excess of 
100 ft below NGVD 29. Nichols (1977) similarly documents 
declines in water levels from 1900 to 1959 greater than 100 
ft near the border of Monmouth and Ocean Counties; from 
1959 to 1983, ground-water levels in this vicinity declined an 
additional 150 ft.

The location and configuration of this cone is similar to 
that in the overlying Wenonah-Mount Laurel aquifer; verti-
cal leakance through the confining unit is such that there is 
good hydraulic connection between the two aquifers. Closed 
contours on the potentiometric map east and seaward from 
the center of the cone were adapted on the basis of simula-
tions by Pope and Gordon (1999) and Voronin (2004). This 
regional cone of depression is composed of several smaller 
cones underlying production centers located at Point Pleasant, 
Spring Lake, and Lakewood. The largest of the cones under-
lies coastal communities from Lavallette in northern Ocean 
County to Avon-by-the-Sea in southern Monmouth. Water lev-
els at the center of this cone near Point Pleasant were observed 
at 115 ft below NGVD 29 (well 29-532); water levels in this 
area previously were measured as low as -259 ft in 1983. Dur-
ing the 1998 study, the center of this cone (the -100-ft contour) 
was located at Bay Head. By 2003, slightly recovering water 
levels at Bay Head and declining water levels at Point Pleas-
ant and Brielle caused the center to migrate 1.3 mi to the west 
and north, the approximate position observed during the 1993 
study. Five miles to the north, a small, ovate, local cone of 
depression underlies Spring Lake Borough, where a measured 
water level of -112 ft NGVD 29 (well 25-385) at a former sup-
ply well warranted a closed 100-ft contour. The two remaining 
local cones underlie areas near the town of Lakewood, and 
each is associated with a single well. Minimum water levels 
associated with the cones were -94 ft (well 29-449) and -90 ft 
NGVD 29 (well 29-438).

A local depression in the potentiometric surface at Free-
hold (well 25-727) is indicated on the map by the upswept 
80-ft contour in the southeastern portion of the Freehold 
quadrangle (pl. 6). This feature was initially included on the 
1993 potentiometric map and verified during the 1998 study 
(Lacombe and Rosman, 2001). The water-level altitude near 
this feature was 68 ft NGVD 29, a rise from the previous study 
of 8 ft.

The water level in observation well 25-771, located in 
Sandy Hook, New Jersey, was converted from a measured 
saltwater altitude of -1 ft to a freshwater equivalent altitude 
of 6 ft (appendix 6). Ground water at this well contained an 
extremely high concentration of dissolved chloride, in excess 
of 15,000 mg/L, resulting in a density of 1.018 g/cm3.

In the southern part of the aquifer extent, water levels 
ranged from a high of 100 ft in northern Burlington County 
to a low of 3 ft NGVD 29 in central Camden County. A small, 
local cone of depression is present in central Camden County 
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centered beneath wells 07-673 and 07-672. This cone of 
depression may be ephemeral; it was not identified in previous 
studies, and nearby production wells had been idle for only a 
few hours prior to measurement. Further to the south and west, 
a ground-water potentiometric low is present near the outcrop 
in north-central Gloucester County.

A downward hydraulic gradient from the overlying 
Wenonah-Mount Laurel aquifer to the Englishtown aquifer 
system is shown along the entire section A-A' (fig. 2a). This 
downward gradient is strongest in central Howell Town-
ship, Monmouth County, where water levels in the English-
town aquifer system are as much as 60 ft lower than in the 
Wenonah-Mount Laurel aquifer. Near the center of the cone of 
depression at Point Pleasant, water levels are approximately 
30 ft to 32 ft lower in the Englishtown aquifer system than in 
the Wenonah-Mount Laurel aquifer. Along the same section, 
a downward gradient from the Englishtown aquifer system 
to the Upper PRM aquifer is present in the updip area of the 
aquifer system; water levels in the Englishtown aquifer system 
are as much as 100 ft higher that those in the underlying Upper 
PRM aquifer. Along the section in central Howell Township, 
the vertical gradient reverses and potential for ground-water 
flow is upward into the Englishtown aquifer system from the 
underlying unit. This potentiometric head differential increases 
downdip and toward the coast where it is at its maximum  
(80 ft) near the centers of the cones of depression in Spring 
Lake Heights and Point Pleasant Boroughs. 

Along section B-B' a downward gradient exists in the 
updip area from the Wenonah-Mount Laurel aquifer to the 
Englishtown aquifer system. Lacombe and Rosman (2001) 
show an upward gradient from the Englishtown aquifer system 
to the Wenonah-Mount Laurel aquifer on the basis of data 
collected in 1998 (fig. 2b). Figure 2b also shows a downward 
gradient from the Englishtown aquifer system to the Upper 
PRM aquifer.

Water-level changes from 1998 to 2003 were calculated 
for 69 of the 84 wells screened in the aquifer. Water levels 
were stable over much of the extent of the aquifer system  
(fig. 24b). Declining water levels were observed, however, 
near the northern edge of the center of the regional cone 

of depression in Monmouth County. The largest declines 
occurred in and around Spring Lake Heights, where a maxi-
mum decline of 13 ft was observed in well 25-389. Although 
combined withdrawals from the aquifer system throughout 
the northern counties had stabilized in recent years, reported 
ground-water withdrawals in and around this area have 
steadily increased since 1996. A possible explanation for this 
increase is that, as development and water demand in this area 
increased during the late 1990s, purveyors tapped into the 
unused portion of their ground-water allocation to augment 
alternative sources mandated by Critical Area regulations in 
the early 1990s.

An apparent rise in water level of 49 ft occurred in well 
29-236 from 1998 to 2003. This large rise is likely exagger-
ated; an anomalously low 1998 water level did not adhere to 
the general trend of recovery as indicated by water levels in 
other, nearby wells. Moreover, withdrawals at this site had 
ceased in 1988, and the moderate withdrawal amounts from 
nearby wells would not account for the low water level in this 
well. Although water levels, in general, are recovering in this 
area, the change here is likely more subtle. Elsewhere, within 
the northern extent of the aquifer, water levels generally were 
stable.

In southern New Jersey, water levels in central Camden 
County were as much as 25 ft lower than in 1998. Withdraw-
als in this area of the aquifer did not increase appreciably 
from 1998 to 2003; the large decline in water levels may be 
an artifact of nearby production wells in which water levels 
had not fully recovered at the time of measurement. Elsewhere 
throughout southern New Jersey, there was little change in the 
potentiometric surface.

Water-level changes from 1988 to 2003 in the English-
town aquifer system are shown in figure 25b. Along the coast 
in southern Monmouth and northern Ocean Counties, water 
levels recovered more than 40 ft across a 245 mi2 area, and 
recoveries of 80 ft or more occurred in a 110 mi2 area as a 
result of CA 1 cutbacks. This pattern of recovery was similar 
to that of the Wenonah-Mount Laurel aquifer because both 
are connected hydraulically, though recovery was greater in 
magnitude and extent within the Englishtown aquifer system 
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because most of the withdrawals affecting both aquifers were 
made from this aquifer (Spitz and others 2008).

Water-level hydrographs for nine observation wells show 
long-term and seasonal trends in the Englishtown aquifer 
system from 1978 to 2003 (fig. 30). Water levels remained 
relatively constant in wells 23-104, 25-715 and 29-138 during 
this period. Wells 23-104 and 25-715 are in the updip extent of 
the aquifer, and well 29-138 is within the central section of the 
aquifer system. All are far from the regional cone of depres-
sion in eastern Monmouth County. 

The water levels in well 25-715 located well north of the 
major cone of depression in Monmouth County has remained 
relatively constant since it was installed in 1991. Long-term 
seasonal fluctuations range from 4 ft to 5 ft; however, the 
long-term water-level change was barely perceptible. Tem-
poral fluctuations observed in well 23-104 are in response to 
changes in precipitation and subsequent recharge; this well 
is located near the outcrop and away from any substantial 
withdrawals. From 1978–2003, the water level in this well has 
remained essentially unchanged. Water levels in well 29-138 
gradually declined 7 ft from 1978 to 1993 then rose  
8 ft through 1998; thereafter, annual high water levels stabi-
lized at 66 ft above NGVD 29. The water level in this well 
showed no net change during the period of record. Observa-
tion well 25-250 is located in Western Monmouth County far 
from the major cone of depression and away from areas of 
substantial withdrawals. Water levels were constant during 
1978–83; thereafter, the hydrograph shows a gentle decline in 
water levels of about 9 ft during 1983 to 2003 in response to 
local ground-water withdrawals.

Observation well 05-259 is located in the Mount Holly 
area of Burlington County where this aquifer system is not a 
major source of supply. Water levels in well 05-259 declined 
approximately 5 ft during 1993–98. From 1998 to 2003, 
annual high water levels stabilized. Water levels fluctuated 
seasonally as much as 8 ft through 1988; from 1989 to 2003 
water levels fluctuated 1 ft to 3 ft.

Observation well 25-638 is located in the center of the 
Farmingdale quadrangle near the updip edge of the regional 
cone of depression. The water-level altitude in this well was 
approximately 50 ft below NGVD 29 in the late 1980s. Owing 
to conservation measures introduced in the late 1980s to 
reduce ground-water withdrawals from the Cretaceous aqui-
fers of the northern Coastal Plain, water levels rose sharply 
(55 ft) in this well from 1990 to 1996. From 1996 to 2003, the 
annual high water levels observed at this well stabilized. Sea-
sonal water-level fluctuations were more moderate than those 
observed in wells closer to the regional pumping center and 
ranged from 7 ft to 10 ft. Observation well 25-429 is located 
in Allaire State Park in the southeastern section of the Farm-
ingdale quadrangle approximately 6 miles from the center of 
the regional cone of depression. The hydrograph of this well 
shows that water levels were substantially below NGVD 29 by 
1978. From 1978 to 1989, water levels declined an additional 
16 ft, as withdrawals in and near the major cone of depres-
sion stabilized. Water levels in this well rose dramatically, by 

nearly 100 ft, during 1991–96. Subsequent to 1996, water lev-
els had stabilized at -40 ft through 2001. During the latter part 
of 2001, water levels again began to decline. The hydrograph 
for well 29-530 exhibits a similar trend; water levels rose 
nearly 120 ft during the early to mid-1990s; stabilized, then 
declined from 2001 to 2003. Seasonal fluctuations were great-
est in this well; during and following the period of substantial 
recovery, water levels fluctuated by as much as 60 ft in a given 
year. Observation well 29-534, located at the southern edge 
of the regional cone of depression, is screened in the lower 
hydrologic unit of the aquifer system. Water levels in this well 
declined approximately 10 ft during 1978–92; from 1992 to 
2003, water levels increased by 37 ft. 

Upper Potomac-Raritan-Magothy 
Aquifer

The upper aquifer of the Potomac-Raritan-Magothy 
aquifer system is generally equivalent to the Magothy Forma-
tion in New Jersey (Zapecza, 1989). The aquifer consists of 
coarse-grained permeable sands with thin interbedded clay 
and clayey silt layers present locally. The Upper PRM is the 
most extensive unit within the aquifer system. The outcrop 
of the aquifer extends in a northeast to southwest trending 
band from the Raritan Bay to the Delaware River adjacent to 
Salem County and is primarily coincident with the outcrop 
of the Magothy Formation. The aquifer is well defined in the 
offshore areas of Monmouth and Ocean Counties but less well 
defined in Atlantic, Cumberland, and Cape May Counties. The 
thickness of the sand interval ranges from more than 200 ft in 
eastern Monmouth County to about 50 ft in Cape May County. 
Transmissivity of the aquifer is greatest in the eastern part of 
Monmouth County; however, the aquifer remains highly trans-
missive throughout Monmouth as well as in western Camden 
and Gloucester Counties. In Monmouth and Middlesex Coun-
ties, the aquifer is locally referred to as the Old Bridge aquifer. 
In Delaware, Vroblesky and Fleck (1991) and Martin (1984) 
refer to the aquifer as the Magothy aquifer. The updip limit of 
the aquifer is within the outcrop of the Magothy Formation in 
northern New Castle County, and the downdip limit extends 
into eastern Sussex County.

Water Withdrawals and Extent of Freshwater

Withdrawals from the Upper PRM aquifer are made 
throughout its extent in Middlesex, Monmouth, and northern 
Ocean Counties (fig. 31); however, in the southern part of the 
study area, withdrawals are confined to a narrow band extend-
ing from the outcrop to about 12 mi downdip. Beyond this 
limit, depth to the top of the aquifer is sufficiently deep, and 
dissolved solids in the ground water are elevated such that use 
of shallower aquifers is more desirable. The primary produc-
tion centers are located in eastern Middlesex County within 
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and near the outcrop of the Magothy Formation and in central 
Camden and Gloucester Counties. Substantial withdrawals 
also are made in northwestern Burlington, northern Ocean, 
and throughout Monmouth County. Minor withdrawals are 
made in Mercer and Salem Counties within close proximity 
to the updip limit of the aquifer. Minor withdrawals also are 
made in central New Castle County, Delaware. In Maryland, 
withdrawals are made in the bordering counties of Cecil, Kent, 
and Queen Anne’s; however, the greatest use of the Magothy 
aquifer in Maryland occurs beyond the study area.

Estimated withdrawals in New Jersey from 1978 to 
2003 ranged from 52 to 80 Mgal/d; withdrawals during 2003 
were at a 25-year low of approximately 52 Mgal/d (fig. 32). 

Ground-water withdrawals in 2003 were greatest in Middlesex 
County; withdrawals here were nearly twice that of Glouc-
ester, the county with the next highest withdrawal amounts. 
From 1978 to 1989 withdrawals ranged from 65 to 80 Mgal/d; 
thereafter, withdrawals statewide steadily decreased through 
2003. In the northern counties, estimated withdrawals dur-
ing 2003 of 30 Mgal/d were greater than those from south-
ern counties. Withdrawals in the northern counties were at 
their greatest from 1981 to 1984 (approximately 47 Mgal/d); 
following 1984, withdrawals generally decreased to 2003 
amounts. The largest decreases in withdrawals in the north-
ern counties occurred during 1988–89 and 2002–03. In the 
southern counties, water withdrawals generally were stable 
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(approximately 30 to 32 Mgal/d) from 1978 through 1995; in 
1996 withdrawals decreased to 27 Mgal/d. Mandatory restric-
tions on withdrawals from the Upper PRM aquifer further 
reduced these amounts and, from 1997 to 2003, withdrawals 
ranged from 22 to 25 Mgal/d. 

Estimated water withdrawals from the Upper PRM aqui-
fer (Magothy aquifer) in Delaware remained at less than  
0.75 Mgal/d during 1978 to 2001 (fig. 33). From 1978 to 
1988, withdrawals were insubstantial, at much less than 0.5 
Mgal/d.

The 250-mg/L isochlor is shown on plate 7. The location 
of this line in the Raritan Bay area was originally mapped by 
Schaefer and Walker (1981). Increased chloride concentrations 
in several wells in recent years indicate the slight landward 
movement (nearly 0.25 mi) of the saltwater front. The location 
of the 250-mg/L isochlor in southern New Jersey was deter-
mined on the basis of water-quality data stored in the USGS 
water-quality database. The previous position of this line 
bisected Salem County from west to east and did not extend 
beyond its border (Lacombe and Rosman, 2001); however, 
recent data warranted a modification of this line. The saltwater 
front arcs in an updip direction and toward the Delaware River 
in southern Gloucester County. The updated location of this 
line reflects a reinterpretation of existing, as well as the inclu-
sion of new, data and does not imply movement of the front 
nor increased chloride concentrations in this area.

In Delaware, the 250-mg/L isochlor was mapped 
by Cushing and others (1973, pl. 3). The location of the 
10,000-mg/L isochlor in New Jersey was simulated by Pope 
and Gordon (1999). The location of the 10,000-mg/L isochlor 
in Delaware is from Vroblesky and Fleck (1991). 

Water Levels

Water-level measurements from 210 wells screened in the 
Upper Potomac-Raritan-Magothy aquifer were used to define 
the regional potentiometric surface during the fall of 2003 
(app. 7). Maximum water-level altitudes were measured in 
and near the outcrop area within the Hightstown quadrangle; 
minimum water-level altitudes were measured in central 
Camden County. The major feature of the potentiometric 
surface is the extensive cone of depression that extends from 
the Raritan Bay in the northeastern section of the study area 
to eastern Maryland (pl. 7). This regional cone of depression 
can be divided into three subregional segments (Lacombe and 
Rosman, 2001), a northeastern, a central, and a southwestern 
segment. 

The northeastern segment of this cone encompasses 
northern Ocean County and most of Monmouth County. In 
the northernmost section the position of both the 0-ft and 
-20-ft contours are similar to those represented in 1998. The 
slight contraction of the -20-ft contour at its northeastern edge 
reflects the small rises in water levels near this boundary. 
Within this segment, the lowest water levels occur in northern 
Ocean County where, near Seaside Park, a water level of -60 ft 

NGVD 29 was measured in a well (29-1365) around which a 
small cone of depression had formed. The water level was sub-
stantially lower than that observed in 1998. This well was not 
operational during the 1993 study, so further comparison was 
not possible. A subsequent measurement by the USGS as well 
as purveyor-reported data confirmed this water level. To the 
west a small cone of depression in the Lakehurst quadrangle 
reported in 1998 has expanded to the south and east to include 
four additional wells, forming an elongated cone of depression 
from Lakehurst to Toms River in Ocean County. Ground-water 
withdrawals in this area have substantially increased since 
the 1998 study. Elsewhere in the north, water levels typically 
ranged from 0 to -20 ft NGVD 29; however, the potentiomet-
ric surface is punctuated with several small cones of depres-
sion centered over single wells or well fields. Such localized 
cones are located in the Keyport, Marlboro, Adelphia, Long 
Branch, and Asbury Park quadrangles. Water levels at the 
centers of these cones were, for the most part, slightly below 
-20 ft NGVD 29, though water levels of -33 ft (well 25-360) 
and -41 ft NGVD 29 (well 25-334) were measured near Red 
Bank and Asbury Park, respectively. Recovering water levels 
near Red Bank have caused this cone to recede; however, the 
water level in well 25-334 near the center of the Asbury Park 
localized cone was lower than in 1998. In general, water levels 
across the aquifer in the northern Coastal Plain remained about 
the same as 5 years ago, except in northern Ocean County, 
where water levels declined 10 to 33 ft (fig. 24c).

The central segment of the regional cone of depres-
sion encompasses much of Burlington, Camden, Gloucester, 
and eastern Salem Counties. Where data are absent, maps of 
simulated water levels by Martin (1998) and Voronin (2004) 
were adapted to close the contours on the downdip edge of the 
regional cone. This central segment, centered under the Bor-
ough of Berlin in Camden County, has a minimum water-level 
altitude of -90 ft NGVD 29 (well 07-15). Water levels previ-
ously measured near the center of this cone were in excess of 
100 ft below NGVD 29. From 1998 to 2003, water levels in 
this central segment, in general, remained stable or recovered 
modestly; however, water levels at the center of the cone rose 
by as much as 24 ft. The -100-ft contour line present on the 
1998 potentiometric map has disappeared altogether, whereas 
the -80-ft contour surrounds a single production well in the 
Berlin well field. The -40 and -60-ft contour lines show con-
traction downdip and to the areas north and south of the cen-
tral cones. A single-well cone of depression with a minimum 
water-level altitude of -86 ft (well 05-759) has formed in the 
Medford Lakes quadrangle. To the southwest, a small cone of 
depression also is present in Glassboro, New Jersey. This cone 
is a remnant part of the -60-ft contour line from 1998; water 
levels measured in wells here did not exhibit increases like 
many wells in the area in 2003. Although sporadic declines 
in water levels were observed in the central segment of the 
regional cone, in general, water levels rose during 1998 to 
2003. Recovery typically was moderate; however, substantial 
rises occurred near the center of the cone in Camden County.
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The southwestern segment of the regional cone of depres-
sion underlies New Castle, Delaware, and western Salem 
County, New Jersey. Water levels in this area typically ranged 
from -21 to -30 ft NGVD 29. A single well cone of depression 
exists in the Middletown, Delaware, well field probably due 
to recent ground-water withdrawals. With the exception of the 
Middletown well, water levels in this area had stabilized or 
recovered slightly since 1998.

A downward hydraulic gradient is present from the Eng-
lishtown aquifer system to the Upper PRM aquifer in the west-
ern part of the aquifer, but in near-shore areas, the hydraulic 
gradient is upward from the aquifer to the Englishtown aquifer 
system as shown in section A-A' (fig. 2a). The downward 
gradient is strongest in the updip part of the aquifer where 
water levels in the overlying Englishtown aquifer system were 
as much as 115 ft higher than those in the Upper PRM aquifer. 
This downward gradient weakens to the south and east, where 
in central Howell Township, Monmouth County, New Jersey, 
the gradient is nearly neutral for a short distance. The gradi-
ent reverses in the eastern part of the township and steepens 
toward the coast, where, near Point Pleasant, Ocean County, 

water levels are nearly 80 ft greater than in the Englishtown 
aquifer system. Similarly, the hydraulic gradient between the 
Upper PRM aquifer and the Middle PRM aquifer is down-
ward in the updip areas and upward along the Coast (fig. 2a). 
However, the head differential between the Upper and Middle 
aquifers is much more temperate than that between the Upper 
PRM aquifer and the Englishtown aquifer system. A down-
ward hydraulic gradient is present from the Englishtown 
aquifer system to the Upper PRM aquifer along the updip 
portion of section B-B' (fig. 2b); the lack of water-level data 
within the Englishtown aquifer system in downdip areas pre-
cludes interpretation of interaquifer flow here. Martin (1998) 
and Lacombe and Rosman (2001) note the continued potential 
for downward flow from the Englishtown aquifer system to 
the Upper PRM aquifer in the downdip areas. The hydrau-
lic gradient between the Upper and Middle PRM aquifer is 
nearly neutral in the updip area and upward to the Upper PRM 
aquifer in the downdip area. This upward gradient is strongest 
in central Camden and western Atlantic Counties, where water 
levels are typically 10 ft higher in the Middle aquifer than in 
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the Upper aquifer, but weakens somewhat near the downdip 
limit of the aquifer.

From 1988 to 2003, water levels in the aquifer recovered 
on average 10 ft to 20 ft across a large portion of Monmouth 
County; scattered areas in the western part of the county 
experienced slightly larger recoveries (fig. 25c). Ground-
water withdrawals from the aquifer in the northern counties 
were reduced to approximately 75 percent of 1988 volumes; 
furthermore, withdrawals were reduced to approximately 60 
percent of 1983 volumes due to CA 1 regulations. In southern 
New Jersey, within the central segment of the regional cone of 
depression (CA 2), water-level recovery was generally  
10 ft to 30 ft, with maximum rises of nearly 40 ft in north-
central Camden County.

Water-level hydrographs for seven observation wells 
located in the northern counties are shown in figure 34. Obser-
vation wells 23-292 and 23-228 are located near Jamesburg, 
New Jersey, within or near the outcrop area where water levels 
in the aquifer were typically at their highest. The two wells 
are located within 3 mi of one another, and their respective 
hydrographs indicate a similar trend in water levels. Water lev-
els at both sites decreased about 8 ft to 10 ft during 1978–82 
but remained relatively constant to slightly rising through 
1998. Water levels in well 23-292 were stable from 1998 to 
2003; however, water levels in 23-228 declined slightly during 
this period. Well 23-228 is situated in an area of substantial 
withdrawals; however, its location proximal to a recharge area 
likely tempers the effect of both seasonal and long-term with-
drawals. The hydrographs for wells 23-351 and 23-180 show 
slight water-level increases of 1 ft to 3 ft during 1978–2003. 
Both wells are located near major pumping centers but away 
from the regional cone of depression. Because they are within 
the outcrop area, both wells are sensitive to recharge from pre-
cipitation, and seasonal fluctuations due to nearby withdraw-
als are restrained. Observation wells 25-316 and 25-206 are 
located within but near the northern edge of the regional cone 
of depression, along the Raritan Bay. Water levels were stable 
to slightly rising from 1978 to 1986; thereafter, following a 
brief period of decline through 1989, water levels rose  
8 ft to 10 ft through 2003. Observation well 25-639 is located 
in the Farmingdale quadrangle near the center of the northern 
segment of the regional cone of depression. Water levels in 
this well rose approximately 20 ft from 1989 to 1994, then sta-
bilized through 2001 before declining slightly during 2001–03. 
The recovery in water levels in the early to mid-1990s is a 
result of CA 1 reductions in ground-water withdrawals from 
the Cretaceous aquifers as well as the increased use of alter-
nate surface-water sources such as the Manasquan, Swimming 
River, and Glendola Reservoirs.

Hydrographs for nine observation wells located in the 
southern counties of New Jersey and Delaware are shown in 
figure 35. Observation wells 15-728 and Eb23-22 are located 
near the updip limit of the aquifer in Gloucester County, New 
Jersey, and New Castle County, Delaware, respectively. The 
hydrographs show that, despite seasonal fluctuations of 4 ft 
to 6 ft., water levels remained constant from the beginning of 

the period of record through 2003. Observation well 33-253 is 
located in Salem County, New Jersey, in the area affected by 
the southwestern segment of the regional cone of depression. 
The aquifer is not used locally, and therefore, water levels did 
not vary seasonally; however, regional stresses from long-term 
withdrawals have caused water levels to decline by 6 ft from 
1978–2003. Similarly, observation well Gd33-05, located in 
eastern Delaware along the border of New Castle and Kent 
Counties, lies within the area underlain by the regional cone 
but far from a production center. From 1978 to 2003, water 
levels gradually declined approximately 18 ft. Observation 
wells 05-258, 07-117, 07-322, 07-477, and 15-741 are located 
within the central segment of the regional cone of depres-
sion. Hydrographs for wells 05-258, 07-117, and 07-477 show 
water-level declines ranging from 10 ft to 16 ft from 1978 to 
1994; from 1994 to 2003, water levels in the same wells rose 
10 ft to 25 ft. Seasonal water-level fluctuations were greatest 
in wells 07-477 and 07-117 because of their location near the 
center of the Camden cone of depression. Annual variability 
ranged from 5 ft to 10 ft during the early portion of the period 
of record and ranged from 10 ft to 25 ft per year during the 
latter. Water levels in wells 07-322 and 15-741 rose 15 ft and 
13 ft, respectively during this same period. Recovery of water 
levels subsequent to 1994 in these wells is the result of CA 2 
restrictions.

Middle and undifferentiated Potomac-
Raritan-Magothy Aquifer

The undifferentiated and Middle aquifer of the Potomac-
Raritan-Magothy aquifer system extends from the Raritan Bay 
in the northeastern part of the study area to Maryland in the 
southwest. In the northern Coastal Plain northeast of Burling-
ton County, the aquifer is locally referred to as the Farrington 
aquifer. The aquifer is well defined from the outcrop area to 
about 20 mi downdip, beyond this distance the aquifer cannot 
be separated from the underlying sediments within the PRM 
aquifer system. Zapecza (1989) refers to the aquifer east of the 
area as the undifferentiated PRM aquifer. Similarly, in south-
ern New Jersey the aquifer can be traced in the subsurface 
from the outcrop to an area extending approximately  
10 mi to 12 mi downdip, beyond which the aquifer is indistin-
guishable from the Lower PRM aquifer. Where the confining 
unit between the Lower and Middle aquifers is absent, the 
aquifer conformably overlies bedrock or weathered bedrock. 
The transmissivity of the aquifer is greatest in northern Ocean 
County (greater than 16,000 ft2/d), but the aquifer is most 
productive in Burlington, Camden, and Gloucester Counties 
in and within a short distance from the outcrop area where the 
transmissivity ranges from 6,000 ft2/d to more than 10,000 
ft2/d (Martin, 1998). To the southwest, discontinuous silt and 
clay beds within the Middle aquifer in Salem County inhibit 
its productivity. The Middle Potomac-Raritan-Magothy aqui-
fer is continuous into Delaware and Maryland. In Delaware 
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and eastern Maryland, Vroblesky and Fleck (1991) refer to this 
unit as the Patapsco aquifer. The updip limit of the aquifer is 
within the outcrop of the Potomac Formation in northern New 
Castle County; the downdip limit extends into eastern Sus-
sex County and is demarcated by the 10,000-mg/L isochlor of 
Meisler (1989).

Water Withdrawals and Extent of Freshwater

Ground-water withdrawals from the undifferentiated 
and Middle PRM aquifer occur throughout its extent from the 
Raritan Bay to Maryland. The distribution of withdrawals is 
similar to that in the Upper PRM aquifer, in that withdrawals 
are made in the updip and central areas of the aquifer through-
out the northern counties of New Jersey but are confined 

to a narrow band extending from the outcrop to about 8 mi 
downdip in the southern counties (fig. 36). Beyond this limit, 
the presence of elevated dissolved solids in the ground water 
inhibits development of the aquifer. The primary produc-
tion centers in New Jersey are located in eastern Middlesex 
and northern Monmouth Counties, northern Ocean County, 
and Burlington, Camden, Gloucester, and Salem Counties. 
In Delaware, withdrawals from the equivalent of the Middle 
PRM aquifer are made primarily within and near the outcrop 
in northern New Castle County; however, smaller production 
centers are present in the central part of the county.

Estimated ground-water withdrawals in New Jersey from 
1978 to 2003 ranged from 61 to 84 Mgal/d. (fig. 37). With-
drawals from the aquifer were greatest during the early 1980s; 
from 1983 to 2000, ground-water withdrawals decreased from 
82 to 63 Mgal/d. In 2001 withdrawals from the aquifer again 
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increased; in 2003 total withdrawals in New Jersey were esti-
mated at 68 Mgal/d.

In the northern counties of New Jersey, estimated with-
drawals ranged from 26 to 43 Mgal/d from 1978 to 2003. 
Withdrawals steadily decreased during 1980–96; the largest 
single-year reduction in withdrawals occurred between 1988 
and 1989. From 1997 to 2003, however, withdrawals again 
increased and, by 2003, were estimated at 31 Mgal/d. In the 
northern counties, ground-water withdrawals typically were 
greatest in Middlesex County. At the maximum in 1980, with-
drawals in Middlesex County were in excess of  
17 Mgal/d. Declining water levels and saltwater encroachment 
along tidal reaches of the Raritan River and its tributaries led 
to the systematic reduction of withdrawals in this area, and by 
1990, withdrawals were estimated at approximately 8 Mgal/d. 
Average daily withdrawals in Middlesex County have since 
stabilized at approximately 9 to 10 Mgal. 

Ground-water withdrawals from the aquifer in the south-
ern counties were slightly higher than those in northern coun-
ties during 1978 to 2003. Estimated ground-water withdrawals 
in the south ranged from 34 to 46 Mgal/d during this period. 
Ground-water withdrawals in the combined southern counties 
peaked in 1983; generally, withdrawals declined through 1999. 
Withdrawals from the aquifer in southern counties increased 
slightly from 2000 to 2003. Estimated withdrawals in 2003 
were approximately 37 Mgal/d. Withdrawals from the aqui-
fer typically were greatest in Burlington County and least in 
Salem County.

Ground-water withdrawals from the Middle PRM aquifer 
in Delaware ranged from approximately 6.5 to 12 Mgal/d 
during 1978 to 2001 (fig. 38). Withdrawal amounts varied 
throughout the 1980s and early 1990s; the lesser amounts, 
however, were probably an artifact of inconsistent allocation 
reporting. Lacombe and Rosman (2001) noted that withdraw-
als remained stable at about 9 Mgal/d during 1978–97. Esti-
mated withdrawals from the aquifer in Delaware in 2001 were 
about 12 Mgal/d.

The extent of freshwater in the northern Coastal Plain 
remained about the same as in 1998. The location of the 
250-mg/L isochlor in the Raritan Bay area (pl. 8) is modi-
fied from Schaefer (1983) and Lacombe and Rosman (2001). 
In southern New Jersey, the location of this line has been 
modified from Gill and Farlekas (1976) and Lacombe and 
Rosman (2001). Increased data coverage in Gloucester and 
Salem Counties necessitated the modification of the 250-mg/L 
isochlor in southern New Jersey. The saltwater front bends in 
an updip direction toward the Delaware River near the Salem 
and Gloucester County border, incorporating areas where 
ground water near Woodstown and Mullica Hill is known to 
contain elevated dissolved solids and chlorides. The 250-mg/L 
isochlor in Delaware is from Cushing and others (1973). The 
location of the 10,000-mg/L chloride line in New Jersey was 
simulated by Pope and Gordon (1999) using a saltwater model 
of the aquifers. In Delaware, the 10,000-mg/L isochlor is from 
Vroblesky and Fleck (1991).

Water Levels

Water levels measured in 204 wells screened in the undif-
ferentiated and Middle PRM aquifer in New Jersey, Delaware, 
and eastern Maryland during the fall of 2003 are reported in 
appendix 8; the interpreted potentiometric surface is shown in 
plate 8. Maps of simulated water levels by Voronin (2004) and 
Martin (1984) guided the closure of potentiometric contours 
in the southeastern part of the study area as well as in New 
Castle County, Delaware. Maximum water levels of greater 
than 70 ft NGVD 29 were observed near the updip limit 
within the Hightstown and Jamesburg quadrangles, Middlesex 
County, New Jersey. This potentiometric high corresponds to 
the potentiometric high of the overlying Upper PRM aquifer. 
Water levels were lowest in central Camden County. The 
major feature of the potentiometric surface is the regionally 
extensive cone of depression that encompasses much of the 
study area and extends from the Raritan Bay in the northeast 
to eastern Maryland in the southwest. Much like the regional 
cone in the Upper PRM aquifer, several discrete subregional 
cones or areas of low water levels are present within the north-
ern, north central, central, and southwestern parts of the larger 
cone.

The northern segment underlies eastern Middlesex and 
part of northwestern Monmouth County in New Jersey and 
lies within Critical Area 1. Water levels in the northern seg-
ment of the regional cone ranged from -12 to -38 ft  
NGVD 29 in 2003; water levels generally were lowest along 
the Raritan Bay front and somewhat higher toward the 
outcrop. The area encompassed by the -20-ft potentiomet-
ric contour has expanded slightly from that in the previous 
study; water levels in well fields in Sayreville and Old Bridge, 
Middlesex County, and north of Marlboro, Monmouth County, 
were at or slightly below this level in 2003. From 1998 to 
2003, despite no appreciable increase in ground-water with-
drawals, water levels declined throughout the area from 1 ft to 
nearly 10 ft (fig. 24d). 

The north-central area of the regional cone of depression 
includes much of southern Monmouth County, New Jersey. 
Water levels in this segment ranged from 7 ft (well 25-728) to 
30 ft (well 25-725) below NGVD 29. Minimum water levels 
occurred near a production center near Freehold; water levels 
to the north and west were slightly higher. The small circular 
cone in southern Monmouth County depicted on the 1998 
map has expanded slightly and shifted to the east; water-
level declines of 3 ft to 5 ft in this area resulted from steadily 
increasing ground-water withdrawals through 2003. 

  The central segment of the regional cone of depres-
sion underlies a broad area of the New Jersey Coastal Plain 
extending from Ocean County southwest to Gloucester and 
eastward to Atlantic County. Water levels in this segment 
ranged from 0 ft to -72 ft NGVD 29; the lowest water levels, 
below -60 ft NGVD 29, were measured in central Camden 
County and in the Mount Holly area of Burlington County. 
The shape and orientation of this cone is similar to that in the 
overlying Upper PRM aquifer, though water levels gener-
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ally are higher in the Middle aquifer, indicating a potential 
for upward flow from the aquifer. The center of this segment 
underlies central Camden County, straddling the boundary 
between the Clementon and Runnemede quadrangles. The 
potentiometric low of -65 ft in the center of the cone occurred 
in an area about 3.5 mi to the south and east of production 
centers that use the Middle aquifer; however, substantial with-
drawals made from the underlying Lower PRM aquifer likely 
contribute to the depth of the cone. To the north and east, a 
single-well cone of depression persists in Burlington County 
near Mount Holly, where the water-level altitude was below 
-70 ft NGVD 29. Near the southeastern edge of this central 
segment, depths to the top of the aquifer are considerable, and 
the ground water is highly mineralized. Consequently, wells 
screened in the aquifer are sparse. Observation well 11-137, in 
eastern Cumberland County, New Jersey, is the farthest down-
dip well screened in the aquifer that was used in this study; the 
chloride concentration in the ground water of approximately 
11,000 mg/L results in a density of 1.012 g/cm3. Correcting for 
density, the saltwater level of -53 ft yields a freshwater equiva-
lent altitude of -30 ft NGVD 29. The water level in  

well 01-1221, located in Buena to the north and approximately 
13 mi updip, also was converted from a saltwater level for 
similar reasons. In northern Ocean County, water levels ranged 
from -21 ft to -33 ft NGVD 29, with lowest water levels 
occurring at or near production wells throughout Jackson 
Township.

 The southwestern segment of the regional cone 
of depression encompasses Salem County in New Jersey 
and most of New Castle County in Delaware. Water levels 
in Salem County ranged from -15 ft (well 33-305) to -70 ft 
NGVD 29 (well 33-934) in 2003. Water levels were highest 
in the central part of the county and lowest along the Dela-
ware River where localized cones of depression are present 
in Pennsville and on Artificial Island. In New Castle County, 
Delaware, water levels were below 0 ft NGVD 29 across 
much of the aquifer extent. Water levels ranged from greater 
than 60 ft near the updip limit of the aquifer in the northwest-
ern part of the St. Georges quadrangle to -58 ft NGVD 29 in 
the Middletown area.

The 5-year change in water levels in the Middle PRM 
aquifer is shown in figure 24d. From 1998 to 2003, water lev-
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els were generally stable or had risen slightly throughout most 
of the central segment, except in limited areas near production 
centers in north-central Camden and northern Ocean Counties. 
In north-central Camden County water levels fell by 4 to 13 ft 
near production wells as a result of an 18 percent increase in 
withdrawals relative to 1998 volumes. Similarly, withdrawals 
increased by about 18 percent among seven production wells 
in northern Ocean County, resulting in water-level declines 
from 1 ft to 10 ft. Near the center of this regional cone of 
depression, water levels showed little change from 1998, as 
withdrawals from both the Upper and Lower aquifers in cen-
tral Camden were reduced. 

Near the outcrop in and around Camden, New Jersey, 
rises in water levels of 4 to 6 ft resulted from decreased with-
drawals in the area, particularly those from the Lower aqui-
fer. The water level at the localized cone near Mount Holly, 
Burlington County, was 5 ft higher (well 05-634) than in 1998 
and, further to the east, in the vicinity of Browns Mills and 
New Egypt, water levels rose 7 (well 05-330) to 14 ft (well 
05-388). During this period, withdrawals from the Middle 
aquifer near Browns Mills and New Egypt decreased by more 
than 30 percent. Water levels in this area had declined from 
1978 through 1993 and were generally at their lowest during 
1993; during the succeeding decade water levels recovered to 
levels observed in 1978. 

Near the southeastern edge of this central segment near 
Buena in western Atlantic County, water levels increased 
by 5 ft (well 01-1221, freshwater equivalent) since the 1998 
study. In eastern Cumberland County, far from areas of with-
drawal, the water-level rise since 1998 was less than 5 ft (well 
11-137).

Within the southwestern segment water levels declined 
8 ft (well 33-119) and 10 ft (well 33-934) at the localized 
cones along the Delaware River in Pennsville and on Artificial 
Island, but at the potentiometric high in the central part of 
the county, water levels rose slightly. South of Wilmington, 
Delaware, and along the Delaware River, water levels near 
the outcrop area of the aquifer declined 2 ft to 3 ft from 1998 
to 2003. South of the Chesapeake and Delaware Canal, water 
levels within the cone of depression were generally 1 to 7 ft 
lower than in 1998. Elsewhere, water levels within the aquifer 
in Delaware generally were stable.

Water-level changes from 1988 to 2003 are depicted in 
figure 25d. Water-level rises of at least 10 ft occurred across 
large parts of Middlesex, Monmouth, Ocean, Burlington, 
Camden, and Gloucester Counties. Water levels recovered 20 
ft or more in a 116 mi2 area along the border of Monmouth and 
Ocean Counties and in a large (180 mi2) area along the border 
of Monmouth and Middlesex Counties. The most pronounced 
rises occurred in areas near the Raritan Bay, where recover-
ies of more than 80 ft were observed. In southern New Jersey, 
water levels recovered from 20 to 35 ft in a 42 mi2 area of 
north-central Camden County, but most of the recovery ranged 
from 10 to 20 ft. Elsewhere across the aquifer, water levels did 
not substantially change.

In the northern part of the Coastal Plain a downward 
hydraulic gradient is present from the Upper PRM aquifer 
to the Middle PRM aquifer in the western part of the aquifer 
along cross section A-A' (fig. 2a). In nearshore areas, the 
hydraulic gradient is upward from the undifferentiated PRM 
aquifer to the Upper PRM aquifer. Near the Delaware River in 
northern Camden County, a slight downward hydraulic gradi-
ent from the Upper to the Middle aquifer is present along cross 
section B-B' (fig. 2b). The potential for downward flow from 
the Middle aquifer to the Lower aquifer also exists in this area. 
In downdip areas, the potential for vertical flow is upward 
from the Lower aquifer to the Middle aquifer and from the 
Middle aquifer into the Upper PRM aquifer.

Water-level hydrographs for 10 wells screened in the 
Middle aquifer and the undifferentiated portion of the PRM 
system in the northern counties of New Jersey are shown in 
figure 39. Observation wells 23-291, 23-229 and 23-273 are 
located in or near the aquifer outcrop area in southwestern 
Middlesex County (pl. 8). The hydrograph for well 23-273 
shows near constant water levels for the entire period of 
record. Wells 23-291 and 23-229 are located downdip from 
the outcrop area and in close proximity to one another, and the 
hydrographs show similar trends. Water levels in both wells 
declined 8 ft and 7 ft, respectively, from the 1978 to the 1983 
study, generally were stable from 1983 to 1988, then recov-
ered from 1988 to 1998. Water levels in well 23-291 remained 
about the same from 1998 to 2003; however, water levels in 
23-229 declined by 3 ft during the same period. Observation 
well 23-97 is located about 2 mi from the aquifer outcrop in 
central Middlesex County (pl. 8). Water levels in well 23-97 
declined from 1980 to 1982 when a nearby production well 
screened in the Middle aquifer was active. From 1982 to 1983, 
water levels in well 23-97 rose 12 ft and remained stable 
through 1988. The frequency of measurement in this well was 
reduced to once during every 5-year cycle; however, the water 
level rose approximately 20 ft from 1988 to 1998 in response 
to reduced withdrawals in nearby wells screened in the Upper 
PRM aquifer. The water level altitude measured in 2003 was  
9 ft lower than that in 1998. Observation well 23-482 is 
located north of the Raritan River near the Fall Line, in an 
area distant from any substantial withdrawals (pl. 8). The 
hydrograph for this well shows seasonally fluctuating water 
levels in the early 1980s during which nearby industrial 
wells were most active. From 1978 to 1983, the water level 
rose approximately 12 ft to an altitude of 9 ft in response to 
reductions in withdrawals. From 1983 to 2003, the water level 
in this well has remained nearly constant. Observation well 
23-439 is located at the edge of the outcrop in central Middle-
sex County within the area affected by the northern segment 
of the regional cone of depression. By 1978, the water level 
in this well had declined to nearly 40 ft below NGVD 29. 
Despite seasonal fluctuations of approximately 10 ft to 12 ft, 
annual high water levels remained stable from 1978 to 1982. 
From 1983 to 1984, the water level in this well rose 10 ft but 
declined again slightly from 1984 to 1988 as withdrawals at a 
nearby pumping center increased. From 1990 to 1996, water 
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levels recovered by nearly 40 ft owing to a reduction in with-
drawals in nearby wells by approximately 50 percent. Slightly 
increasing withdrawals from 1998 to 2003 at the nearby pro-
duction center once again caused the water level to decline.

The hydrograph for well 25-272, located in northwestern 
Monmouth County also within the northern segment of the 
regional cone, displays a water-level trend similar to that for 
well 23-439. Seasonal fluctuations in this well were greater, 
however, ranging from 10 ft to 15 ft during the early part 
of the period of record and increasing to nearly 40 ft during 
the latter, as a result of its location away from the aquifer 
outcrop area where the effects of withdrawals can be moder-
ated. A dramatic rise in water level at this well was observed 
from 1990 to 1996; water levels recovered approximately 60 
ft during this period. This rise corresponds proportionately 
to large-scale reductions in ground-water withdrawals at 
nearby production wells. By 1997, ground-water withdrawals 
had again increased, and the water level has since declined 
approximately 20 ft.

Observation wells 29-19, 25-635 and 29-85 are screened 
in the undifferentiated portion of the PRM aquifer system and 
within the area affected by the north-central segment of the 
regional cone of depression (pl. 8). The hydrographs for these 
wells show trends similar to those observed in wells 25-272 
and 23-439, although responses to withdrawals and recovery 
are more subdued in the far downdip portion of the aquifer. 
Water levels declined from 1978 to 1989 and recovered from 
1989 to 1998; subsequent to 1998, water levels again declined 
slightly.

Water-level hydrographs for 10 wells screened in the 
Middle and undifferentiated parts of the PRM system in the 
southern counties of New Jersey are shown in figure 40. All 
water levels for the period of record in each of the observation 
wells were below 0 ft NGVD 29. Water levels were highest at 
observation wells 05-63 and 15-713, located near the outcrop 
area in Burlington and Gloucester Counties, respectively. 
Water levels in well 15-713, located near the center of the 
Bridgeport quadrangle, fluctuated seasonally by 3 ft to  
5 ft; however, no substantial long-term change was evident 
for the period of record. Several industrial and production 
wells located 1.6 mi to the north withdraw substantial amounts 
of water from the outcrop area of the aquifer; however, the 
effects of these withdrawals on the water level in well 15-713 
are somewhat mitigated owing to the proximity of the well 
to recharge. The hydrograph for well 05-63 shows gently 
declining water levels from 1978 to 1992, followed by a slow 
recovery from 1993 to 2003. By 2003, the net change in the 
water level was a decline of less than 1 ft. Water levels in 
observation wells 05-261 and 07-413, located near the center 
of the regional cone of depression, were substantially below 
0 ft NGVD 29 by 1978. Water levels in both wells further 
declined about 15 ft from 1978 to 1995, followed by a sharp 
rise during 1996 to 1997. Water levels since have stabilized or 
have risen slightly in these areas. Seasonal fluctuations were 
the most pronounced at these two wells, ranging from 4 ft in 
the late 1970s to nearly 24 ft by 1998. Water-level rises of as 

much as 20 ft observed at well 07-413 resulted from CA 2 
restrictions that began in 1996 in order to encourage recovery 
of water levels in this aquifer in southern New Jersey.

Observation well 33-187 is located in north-central Salem 
County near the border with Gloucester, about 1.5 mi west of 
the saltwater front. The nearest production wells are more than 
1 mi distant and are of small capacity; therefore, both long-
term and seasonal responses to regional stresses in the aquifer 
are rather subdued. The water level in well 33-187 declined 
about 5 ft from 1978 to 1994, stabilized, then rose during 1997 
to 2002. Water levels measured in 2003 indicate no net change 
from 1978. Observation well 33-251 is located in southern 
Salem County distant from areas of substantial withdrawals. 
Water levels observed in this well declined about 4 ft from 
1978 to 1988; thereafter, water levels were constant through 
2003. Due to the absence of large withdrawals in the vicinity, 
water levels show little seasonal variability.

Observation wells 05-683, 07-476 and 11-137, located in 
southern New Jersey along the downdip limb of the regional 
cone of depression, are screened in the undifferentiated por-
tion of the aquifer. Of the three wells, well 11-137 lies farthest 
from the outcrop area and withdrawals. The hydrograph for 
this well indicates little seasonal effect from withdrawal 
wells, though water levels steadily declined nearly 18 ft 
during the 20-year period from 1978 to 1998. From 1998 to 
2003 water levels rose approximately 2 ft. The hydrograph 
for well 05-683, shows declining water levels from 1978 to 
1988 followed by a steady recovery through 2003. This trend 
is similar to those in observation wells to the north in Ocean 
and Monmouth Counties. Water-level changes in well 07-476 
are similar to water-level changes observed in other wells 
screened in the Middle aquifer in the southern counties.

The hydrographs for two observation wells in Delaware 
and two wells in Maryland show annual and seasonal fluctua-
tions that reflect the response of water levels to ground-water 
withdrawals and recovery (fig. 41). Water levels in well 
Eb23-24, which is screened in the Middle Potomac aquifer of 
Delaware, declined 17 ft during 1980 to 2003. The remaining 
three wells are screened in the Upper Potomac aquifer, which 
coincides with the Middle PRM in New Jersey. Well CE Ce 56 
is located in eastern Maryland, beyond the edge of the regional 
cone of depression. Water levels in this well were relatively 
unchanged during 1983 to 2003. Observation well CE Ee 29 is 
located within but near the southwestern limit of the regional 
cone of depression in eastern Maryland. Water levels in this 
well exhibit a gentle, steady, downward trend during 1983–
2003. Well Dc34-06 is located in the outcrop area adjacent 
to the Delaware River and several large capacity production 
wells. The hydrograph shows variable seasonal water-level 
fluctuations and a general downward trend since the early 
1990s. The water level in this well declined 3 ft during 1998 
to 2003. 
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Lower Potomac-Raritan-Magothy 
Aquifer

The Lower PRM aquifer is the lowermost aquifer within 
the Coastal Plain of New Jersey and Delaware. The aquifer 
does not crop out in New Jersey and is entirely overlain by 
the confining bed separating the Middle and the Lower PRM 
aquifer. The updip limit of the aquifer in New Jersey is within 
the outcrop area of the Potomac and Raritan Formations 
(Zapecza, 1989; Martin, 1998). The aquifer is recognizable 
about 8 mi to 12 mi downdip from the Potomac and Raritan 

Formations (Zapecza, 1989); beyond this limit the aquifer 
cannot be differentiated from the overlying sediments of the 
Middle aquifer. The transmissivity of the aquifer is highest 
in northwestern and central Camden County and adjoining 
areas in Gloucester and Burlington Counties in New Jersey; 
this is where the aquifer is most productive. The Lower PRM 
is continuous into Delaware and coincides with the lower 
part of the Potomac Formation. In Maryland, the equivalent 
aquifer is referred to as the Patuxent aquifer. The updip limit 
of the aquifer in Delaware lies between the western edge of 
the Coastal Plain sediments and the updip limit of the Middle 
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Potomac aquifer; the downdip limit is in northern Kent County 
(Vroblesky and Fleck, 1991).

Water Withdrawals and Extent of Freshwater

Ground-water withdrawals from the Lower PRM aquifer 
in New Jersey were made predominantly from areas adjacent 
to the Delaware River, and most withdrawals (approximately 
70 percent) were made in the greater Camden County area 
(fig. 42). Much of this development occurs in the northwestern 

part of the county flanking the Delaware River; however, pro-
duction centers are located as far as 11 mi downdip in the cen-
tral part of the county. Substantial withdrawals also were made 
in Burlington County along the Camden border and near the 
northern limit of the aquifer. In Salem and Gloucester Coun-
ties, withdrawals were limited and were made in the extreme 
updip portion of the aquifer owing to the presence of saline 
water in downdip areas. Ground-water withdrawals from the 
aquifer in Delaware are made primarily within or near the 
outcrop area of the Potomac Formation; however, production 
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centers are located in downdip areas adjacent to the Delaware 
River (Delaware City) and near Middletown.

Estimated withdrawals in New Jersey from 1978 to 2003 
ranged from 38 to 75 Mgal/d (fig. 43). Withdrawals from 
the Lower PRM aquifer peaked in the early and mid-1980s; 
thereafter, withdrawals generally decreased until 2000, and 
remained constant at approximately 38 Mgal/d during  
2000–03. Withdrawal patterns in Camden and Gloucester 
Counties followed a similar trend; however, withdrawals from 
Burlington County generally increased from 1978 through 
1990, where they remained constant throughout the ensuing 
decade. From 2000 to 2003 withdrawals decreased. In Salem 
County, withdrawals from the aquifer were nearly constant 
at approximately 1 Mgal/d from 1978 to 2003. Withdrawals 
from the aquifer in Delaware ranged from approximately 3.5 
to more than 8 Mgal/d during 1978–2001(fig. 44). Lacombe 
and Rosman (2001) previously reported that withdrawals were 
nearly constant at 5 to 6 Mgal/d during 1978–97. 

The extent of freshwater within the Lower PRM aqui-
fer is shown in plate 9. The position of the saltwater front is 
based on available water-quality data and previously published 

250-mg/L isochlors of Gill and Farlekas (1976) and Lacombe 
and Rosman (2001). The western boundary of the saltwater 
front has been expanded subsequent to 1998 to closely follow 
that of Gill and Farlekas (1976) and to incorporate sites having 
consistently elevated chloride concentrations (greater than 400 
mg/L) in the Middle aquifer in western Salem County. The 
250-mg/L isochlor is not represented for Delaware; its position 
is likely at or updip from that shown for the Middle aquifer 
(pl. 8). 

Water Levels

Water-level data collected at 106 wells screened in the 
Lower PRM aquifer (app. 9) were used to define the 2003 
potentiometric surface (pl. 9). Most of these wells are located 
in New Jersey (80) and Delaware (21); three wells were 
included from Pennsylvania and two from Maryland. Simu-
lated water-level contours shown on maps by Martin (1984; 
1998) and Pope and Gordon (1999) were adapted to close the 
contours at the eastern part of the study area.
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Two regional cones of depression, one underlying the 
Camden area in southern New Jersey and the other, New 
Castle County, Delaware, characterize the 2003 potentiomet-
ric surface for the Lower PRM aquifer. Aquifer-wide water 
levels typically were at or below 0 ft NGVD 29; those above 
this datum occur only in the updip areas of western Delaware 
and eastern Maryland and adjacent to the western limit in 
Burlington County, New Jersey. Water-level altitudes ranged 
from 5 ft to -73 ft NGVD 29 within the extent of the Lower 
aquifer in southern New Jersey and southeastern Pennsyl-
vania. The highest water levels were measured adjacent to 
the Delaware River along the updip limit of the aquifer; the 
lowest water levels were observed near the center of the 
regional cone of depression in central Camden County. Near 
the center of this cone of depression, water levels declined at 
several wells causing the expansion of the area encompassed 
by the -60 ft contour (fig. 24e; pl. 9). Withdrawals from the 
Lower aquifer within this area increased only marginally since 
1998; withdrawals from the overlying Middle aquifer in this 
area remained constant. Away from the center of the cone, 
water levels typically increased relative to 1998. Recovery 
was greatest in the area of West Deptford, Gloucester County; 
water-level rises in several wells, ranging from 8 ft to 30 ft 

relative to 1998 levels, prompted the contraction of the lobate 
feature of the -40-ft potentiometric contour in this area. Large 
rises in water levels in and around this area were likely the 
result of the combination of substantial reductions in with-
drawals from 1998 to 2003 and the lack of withdrawals from 
production wells for a longer duration prior to measurement 
than in the previous study. Water levels near the northern limit 
of the aquifer in Burlington County recovered approximately 
8 ft. Changes throughout the remainder of the aquifer extent 
were more subtle as water levels generally rose from 1 ft to 
7 ft. above 1998 levels. In Pennsylvania along the Delaware 
River, water levels remained the same in one well (P10113) 
and rose 1 and 6 ft in wells P10114 and P10103, respectively, 
during 1998 to 2003 (fig. 24e; app. 9)

Although restrictions in withdrawals from aquifers of 
the PRM system were not required until 1996, a water-level 
change map of the Lower aquifer from 1988 to 2003 is shown 
in figure 25e. Water levels within the regional cone of depres-
sion in southern New Jersey recovered, on average, 10 ft to  
20 ft along the northern and southern edges of the cone in Bur-
lington and Gloucester Counties; water levels in north-central 
Camden County recovered from 20 ft to 40 ft during the same 
period. Withdrawals from the aquifer in southern New Jersey 
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Figure 43. Estimated ground-water withdrawals from the Lower Potomac-Raritan-Magothy aquifer, New Jersey Coastal Plain, 
1978–2003.
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in 2003 were reduced by approximately 18 percent from 1996; 
moreover, withdrawals decreased by nearly 48 percent of the 
volume withdrawn in 1988. Within Critical Area 2, withdrawal 
trends were similar. During this same period, ground-water 
withdrawals from the aquifer in Delaware increased; conse-
quently, water levels within the regional cone of depression 
declined by 10 ft to more than 20 ft.

The center of the cone of depression underlying north-
ern New Castle County is located in the Delaware City area 
near the eastern end and to the north of the Chesapeake and 
Delaware Canal. This cone of depression extends toward the 
northeast into Salem County, New Jersey, and to Cecil County, 
Maryland, in the southwest. Martin and Denver (1982) docu-
mented the rapid decline of water levels in this area during the 
late 1950s and early 1960s; water levels had declined nearly 
100 ft during this period and, by 1980, had fallen by as much 
as an additional 100 ft to -200 ft NGVD 29. Lacombe and 
Rosman (2001) noted that the shape of this cone had changed 
slightly and that its center had migrated to the east from its 
simulated configuration in October 1980 (Martin, 1984). 
However, the cone of depression is likely centered near large 
refinery wells to the west that were not accessible for measure-
ment in either 1998 or 2003, rather than on much lower capac-
ity production wells adjacent to the Delaware River. Though 
the depth of the cone of depression in 2003 is nearly identical 
to that observed in 1998, its mapped position has been shifted 
slightly to the northwest, encompassing the larger capacity 
industrial wells in this area. The water level in well Ec15-27 
(-178 ft), located near the eastern edge of the center of this 
cone, has remained essentially unchanged from 1998. Well 
Ec15-28, with a water-level altitude of -187 ft, is also located 
near the center of the cone of depression. Measurements were 
not made at this well in previous studies, and therefore, a 
water-level change could not be calculated. Approximately 
3 mi to the southwest, no appreciable change from 1998 was 
observed in the water level at well Ec32-07. Similarly, the 
water level in well 33-330 (-34 ft), located near the northeast-
ern edge of the cone of depression in New Jersey, showed no 
change from 1998. On the southern edge of the cone, however, 
water levels in wells Fb33-25 (-42 ft) and 33-458 (-45 ft) 
declined slightly, about 5 ft and 3 ft, respectively. Ground-
water withdrawals from the aquifer near Middletown, Dela-
ware, increased from the early 1990s through 2000; data for 
2001 to 2003 were incomplete or unavailable. At the northern 
edge of this cone the levels in wells Db33-17 (-51 ft) and 
Dc34-05 (-74 ft) were 11 ft and 10 ft lower than observed dur-
ing the 1998 study. In contrast, water levels were stable to ris-
ing toward the updip limit of the aquifer. Water levels in wells 
in the western part of the study area typically had recovered 
since 1998.

A downward vertical gradient from the Middle PRM 
aquifer to the Lower aquifer occurs in the updip portion of the 
aquifer along section B-B' (fig. 2b). This downward hydraulic 
gradient is subtle; water levels within the overlying Middle 
aquifer are generally 2 ft to 4 ft higher than in the Lower 
aquifer. This gradient increases slightly in central Cherry Hill 

Township, Camden County, where water levels in the Middle 
aquifer are as much as 12 ft higher than those in the Lower 
aquifer. In central Camden County, the hydraulic gradient 
reverses, and the potential for flow upward from the Lower 
aquifer to the Middle aquifer increases.

The water-level hydrographs for four observation wells in 
New Jersey show annual and seasonal fluctuations that reflect 
the response of the water levels to ground-water withdrawals 
and recovery (fig. 45). Observation wells 07-412 and 15-671 
are located near the center of the cone of depression in central 
Camden County. The hydrograph for well 07-412 shows a 
water level of -62 ft during late fall 1978, declining water lev-
els during 1978 to 1988, followed by a rapid rise from 1996 to 
1998. From 1998 to 2003, water levels fluctuated from 10 ft to 
15 ft during any given year. No apparent upward or downward 
trend was observed. The hydrograph of well 15-671, which is 
on the western edge of the center of the cone, exhibits a simi-
lar pattern; however, moderate rises continued from 1998 to 
2003. Water levels in observation well 05-262 (-47 ft), located 
5 mi to the northeast of the center of the cone, responded simi-
larly, though seasonal fluctuations and periods of decline and 
recovery were less pronounced. Seasonal water-level fluctua-
tions ranged from 5 ft to 21 ft/yr in wells 05-262, 15-671, and 
07-412. Fluctuations were greatest in wells nearest the center 
of the cone and during the period of rapid water-level rise in 
the mid- to late 1990s.

Observation well 15-712 is located in southwestern New 
Jersey adjacent to the saltwater front and away from large 
production centers. Though seasonal fluctuations typically 
ranged from 2 ft to 7 ft, water levels in well 15-712 show no 
distinct upward or downward trend from the beginning of 
record through 1998; from 1999 to 2003 water levels recov-
ered slightly. The stable or increasing water levels observed in 
these wells during 1996 to 2003 are indicative of aquifer-wide 
trends during this period. Further evidence of an upward trend 
is demonstrated by the rise in water levels in the majority (88 
percent) of the wells in the aquifer measured during 2003. The 
sustained upward trends can in large part be attributed to CA 2 
regulations that limit ground-water withdrawals in the aquifer 
in southern New Jersey.

Water-level hydrographs for three wells screened in the 
lower Potomac aquifer in Delaware are shown in figure 46. 
Fluctuating water levels indicate the effects of ground-water 
withdrawals from local production centers and the Delaware 
City well field. Water levels for 2003 in these wells range from 
51 ft (well Db33-17) to 102 ft (well Ec32-07) below NGVD 
29 depending on proximity to the well field. Two of the wells, 
Db33-17 and Dc34-05, are located in the outcrop area of the 
Potomac Formation. Water levels in well Db33-17 generally 
rose from 1990 to 1994, followed by recurrent periods of 
decline and recovery through 2003. The net change in water 
level during the period of record is a rise of about 4 ft. Water 
levels in well Dc34-05 rose sharply (nearly 40 ft) from 1978 to 
1985 and, thereafter, followed a trend similar to that observed 
in well Db33-17. The net change in water level in this well 
from 1978 to 2003 was a rise of about 25 ft. 
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Observation well Ec32-07 is located to the southwest of 
the center of the cone of depression in New Castle County, 
Delaware, within the confined portion of the aquifer. The 
water level in this well shows a pattern dissimilar to those 
of the aforementioned two wells; the hydrograph indicates a 
prevailing downward trend for the period 1978 to 1998. From 
1998 to 2003 the hydrograph shows numerous water-level 
peaks and valleys ranging from 86 to 104 ft below NGVD 29; 
however, during this 5-year period, the water level remained 
about the same. The net decline in water levels for the period 
of record is approximately 20 ft.

Observation wells CE Bf 82 and CE Ce 55 are located in 
Cecil County, Maryland, at the western edge of the study area. 
Water levels in both wells were nearly constant during 1985 to 
1994, declined during 1995, and stabilized before recovering 
somewhat in 2003 (fig. 46).
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Summary
Ground-water levels measured in 967 wells in New 

Jersey, and parts of Pennsylvania, northern Delaware, and 
northeastern Maryland, during fall 2003 were used to define 
the potentiometric surface of 10 confined aquifers in the 
Coastal Plain of New Jersey and Delaware. Potentiometric-
surface maps were prepared for the confined Cohansey aquifer 
of Cape May County, the Rio Grande water-bearing zone, 
the Atlantic City 800-foot sand, the Piney Point aquifer, the 
Vincentown aquifer, and the Englishtown aquifer system in 
New Jersey, as well as for the Wenonah-Mount Laurel aquifer, 
the Upper Potomac-Raritan-Magothy (PRM), the Middle and 
undifferentiated PRM, and the Lower PRM aquifers in New 
Jersey and the equivalent aquifers in Delaware.

From 1978 to 2003, estimated ground-water withdrawals 
from the confined Cohansey aquifer ranged from 4.3 to  
6.9 Mgal/d, with the maximum volume withdrawn in 1982. 
During 2003 withdrawals from the Cohansey aquifer totaled 
4.8 Mgal/d, a decrease of nearly 1 Mgal/d or 15 percent of 
1998 volumes. The 2003 potentiometric surface of the con-
fined Cohansey aquifer shows a cone of depression underly-
ing the southern part of the Cape May peninsula. From 1998 
to 2003 water levels remained constant near the center of the 
cone of depression. To the south, water levels rose in Cape 
May City wells in southern Lower Township as withdrawals 
decreased since 1998. Measurements from wells screened in 
the aquifer in the northern part of Cape May County indicate 
that water levels have not changed substantially from historic 
conditions. The position of the freshwater-saltwater inter-
face has migrated farther inland along the western part of the 
peninsula based on the rapidly increasing chloride concentra-
tions observed in a well near Villas. Chloride concentrations 
in water from wells to the south in lower Cape May have 
remained stable. 

Estimated ground-water withdrawals from the Rio 
Grande water-bearing zone from 1978 to 2003 averaged less 
than 1 Mgal/d; withdrawals in 2003 were approximately 0.6 
Mgal/d. An elongated cone of depression, largely attribut-
able to low water levels within the underlying Atlantic City 
800-foot sand, persists beneath the barrier islands of Cape 
May, Atlantic, and southern Ocean Counties. Water levels at 
the Rio Grande well field have risen by as much as 13 ft from 
1998 to 2003, as a result of a 25-percent reduction in ground-
water withdrawals. Elsewhere, little change has occurred in 
the water levels across the aquifer. The location of the salt-
water front within the Rio Grande water-bearing zone has not 
changed from that represented in the previous study; limited 
data compiled following the 1998 study do not indicate move-
ment of the front.

The Atlantic City 800-foot sand is the principal confined 
aquifer supplying water to New Jersey’s barrier island com-
munities from Harvey Cedars in southern Ocean County to 
Cape May City. Ground-water withdrawals from the Atlantic 
City 800-foot sand ranged from 18 to 24 Mgal/d during 1978 

to 2003. Withdrawals have gradually increased since 1978 
and in 2003, were estimated to be approximately 24 Mgal/d. 
An elongated cone of depression underlies the coastal bar-
rier island communities of New Jersey from Barnegat Light 
in Ocean County south to Cape May City, with the deepest 
water levels observed in eastern Atlantic County. From 1998 
to 2003, water levels recovered by as much as 10 ft near 
the center of the cone of depression underlying Ventnor and 
Atlantic City. To the north and west, modest recoveries were 
observed in Egg Harbor Township. Water-level changes from 
1998 to 2003 in the aquifer were greatest in southern Cape 
May County. Withdrawals at the Cape May desalination wells 
began in 1998, and by 2003, were estimated to be approxi-
mately 1 Mgal/d. Consequently, water levels at and near these 
wells were as much as 32 ft lower than in 1998. Elsewhere, 
water levels remained stable or have recovered throughout the 
remainder of the aquifer extent. In the Atlantic City 800-foot 
sand, the freshwater-saltwater interface (saltwater front) has 
not changed position from that in 1998. The saltwater front is 
located approximately 4 mi to the south-southeast of produc-
tion wells at Stone Harbor, where chloride concentrations had 
remained largely consistent, typically ranging from 30 mg/L 
to 40 mg/L from the mid-1960s through 2000. Farther to the 
north and offshore from Atlantic County, the saltwater front 
is located approximately 10 mi and 8 mi to the southeast of 
production wells in Ventnor City and Brigantine, respectively. 
Chloride concentrations in ground water sampled from coastal 
areas of Atlantic and Ocean Counties have not shown substan-
tial change from 1998 to 2003, and chloride concentrations 
in samples from wells south of the front in lower Cape May 
County also have remained stable. 

Ground-water withdrawals from the Piney Point aquifer 
in New Jersey ranged from 1.8 to 4.8 Mgal/d during 1978 to 
2003; in 2003 withdrawals totaled 4.8 Mgal/d, an increase 
of 11 percent from 1998 volumes. Withdrawals in Delaware 
decreased from about 4 to 3 Mgal/d during 1994 to 2001. As 
a result of ground-water withdrawals, five regional cones of 
depression are present in the aquifer and are centered beneath, 
from north to south, in New Jersey, Seaside Park, Barnegat 
Light, coastal Atlantic County, and Buena Borough in western 
Atlantic County and Dover in Delaware. The highest water 
levels in 2003 were measured in wells near the updip bound-
ary along the border between Burlington and Ocean Counties 
and the lowest (-160 ft NGVD 29), near Dover, Delaware. 
From 1998 to 2003 substantial rises in water levels were 
observed in and around Seaside Heights in coastal Ocean 
County. Recoveries in excess of 40 ft resulted from an overall 
reduction in withdrawals from the aquifer in this area. Simi-
larly, water levels increased by as much as 34 ft in and around 
the major cone of depression underlying Dover. Water levels 
also recovered in eastern Buena Borough, but to the south-
west, where local withdrawals had shifted, they declined 
slightly from 1998 to 2003. Elsewhere across the aquifer, 
water levels did not change appreciably. The position of the 
saltwater front did not change from 1998 to 2003.
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 Ground-water withdrawals from the Vincentown 
aquifer ranged from less than 1 Mgal/d to 1.5 Mgal/d during 
1978-2003. During 2003, an estimated 1.2 Mgal/d of ground 
water was withdrawn from the aquifer. The 2003 potentiomet-
ric surface shows a configuration similar to that of the 1998 
study. Water levels stabilized or recovered by 2 ft to  
6 ft from 1998 in most of the wells measured, the exceptions 
being those near Adelphia in Monmouth County, where water 
levels rose by as much as 18 ft. The 250-mg/L isochlor was 
not determined for the Vincentown aquifer; chloride concen-
trations in ground-water samples from the confined part of the 
aquifer are typically 45 mg/L or lower.

Ground-water withdrawals from the Wenonah-Mount 
Laurel aquifer ranged from 4.1 to 8.7 Mgal/d during 1978–
2003. In 2003, withdrawals were estimated to be nearly 8 
Mgal/d. Withdrawals in the northern counties of the Coastal 
Plain decreased from about 1.4 Mgal/d in 1978 to 0.6 Mgal/d 
in 2003, whereas those in the southern Coastal Plain increased 
from 4.4 to 7.2 Mgal/d. In late 2003, the potentiometric 
surface of the Wenonah-Mount Laurel aquifer was character-
ized by three cones of depression; the first and most extensive, 
underlies coastal Monmouth County, New Jersey, the second 
and smallest, is centered beneath Browns Mills, and the third, 
underlies parts of central Burlington, Camden, and Gloucester 
Counties. Minimum water levels in 2003 in the cones were  
-76 ft, -32 ft, and -71 ft, respectively. From 1998 to 2003, 
water levels near the center of the large cone of depression that 
extends from Monmouth to Ocean County rose by as much as 
20 ft in the Wenonah-Mount Laurel aquifer. Water levels gen-
erally recovered in Burlington, Camden, and Gloucester Coun-
ties from 1998 to 2003; the most pronounced rises of nearly 
30 ft occurred in central Gloucester County. Chloride concen-
trations in ground water did not substantially increase, and 
therefore, no movement of the saltwater front was observed. 

 Ground-water withdrawals from the Englishtown aquifer 
system decreased from approximately 11 Mgal/d in 1978 
to less than 7 Mgal/d by 1996; in 2003 withdrawals were 
estimated to be approximately 8 Mgal/d, with those from the 
northern Coastal Plain counties accounting for 70 percent of 
this volume. Withdrawals from the aquifer system in the north-
ern counties have remained largely constant at about  
5.5 Mgal/d since 1993, whereas those in the southern coun-
ties increased substantially following 1996, partly a conse-
quence of restrictions placed on withdrawals from the deeper 
Potomac-Raritan-Magothy aquifer system. The dominant 
feature of the 2003 potentiometric surface in the Englishtown 
aquifer system continues to be the prominent cone of depres-
sion underlying northeastern Ocean and eastern Monmouth 
Counties, New Jersey. The minimum water level in 2003, 
-115 ft NGVD 29, measured at Point Pleasant, New Jersey, 
shifted the center of the cone slightly to the north and west 
from its previous position beneath Bay Head. In and around 
the Borough of Spring Lake in coastal Monmouth County, 
water levels declined as much as 13 ft relative to 1998 levels. 
From 1998 to 2003 ground-water withdrawals increased 
substantially in this area; moreover, withdrawals from the 

Englishtown aquifer system had increased slightly throughout 
Critical Area 1 during this same period. Other minor, scattered 
declines and recoveries were observed in Ocean and Camden 
Counties; these were generally confined to a single well or 
well field. Concentrations of dissolved chloride in wells within 
the confined part of the Englishtown aquifer system occasion-
ally exceeded 25 mg/L along coastal Monmouth County; how-
ever, concentrations in most water-quality samples were less 
than 25 mg/L, verifying that the aquifer contains freshwater in 
coastal New Jersey.

Total ground-water withdrawals from the Upper 
Potomac-Raritan-Magothy aquifer in New Jersey ranged from 
52 to 80 Mgal/d from 1978 to 2003; during 2003, withdrawals 
were at a 25-year low of approximately 52 Mgal/d. Withdraw-
als from the northern Coastal Plain decreased from 47 Mgal/d 
in 1983 to about 30 Mgal/d in 2003 as a result of Critical 
Area 1 reductions. Withdrawals in the southern Coastal Plain 
remained fairly constant (30 to 32 Mgal/d) from 1978 through 
1995; thereafter, in 1996 withdrawals decreased to 27 Mgal/d. 
Critical Area 2 restrictions on withdrawals from the Upper 
Potomac-Raritan-Magothy aquifer further reduced these 
amounts and, from 1997 to 2003, withdrawals ranged from 22 
to 25 Mgal/d. Estimated water withdrawals from the Upper 
PRM aquifer (Magothy aquifer) in Delaware remained at less 
than 0.75 Mgal/d during 1978 to 2001. 

Within the Upper Potomac-Raritan-Magothy aquifer, a 
regionally extensive cone of depression persists that extends 
from the Raritan Bay in the northern part of the study area 
into northeastern Maryland. The lowest water levels, -90 
ft NGVD 29, were measured in Central Camden County, 
New Jersey, where during 1998 to 2003 water levels typi-
cally recovered from 5 to 15 ft. Water-level rises of 5 to 10 
ft also were observed in western Burlington and northern 
Gloucester Counties, as well as in scattered areas of Mon-
mouth County from 1998 to 2003. In contrast, declining water 
levels were observed in coastal and interior Ocean County as 
ground-water withdrawals increased in Seaside Heights and 
in communities to the west. Declines were more pronounced 
near Seaside Heights (up to 30 ft) since withdrawals from the 
aquifer began following the 1998 study. Declining water levels 
were also observed in parts of northern Monmouth County, 
central Camden County, and in Middletown, Delaware. Else-
where, water levels within the aquifer were generally stable.

Concentrations of dissolved chloride in samples from 
several observation wells screened in the Upper PRM (Old 
Bridge) aquifer at Keyport and Union Beach have increased 
substantially since 1998, indicating the landward movement of 
the saltwater front. Although water levels have recovered and 
largely stabilized as a result of the reduction in withdrawals 
subsequent to 1991, water levels continue to fluctuate season-
ally; in summer months water levels decline to as much as 
12 ft. below 0 ft NGVD 29. The hydraulic gradient has not 
reversed sufficiently to allow freshening of the aquifer, and 
active saltwater intrusion continues in this area. In south-
ern New Jersey, the position of the saltwater front has been 
updated subsequent to the 1998 study. The saltwater front arcs 
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in an updip direction toward the Delaware River in southern 
Gloucester County. The updated position of this line reflects 
a reinterpretation of previously collected data, as well as the 
inclusion of new data; this new position does not imply move-
ment of the front nor increasing chloride concentrations in this 
area.

Ground-water withdrawals from the undifferentiated 
and Middle Potomac-Raritan-Magothy aquifer in New Jersey 
in 2003 were estimated at 68 Mgal/d. Withdrawals from the 
northern Coastal Plain decreased from 39 Mgal/d in 1983 to 
about 26 Mgal/d in 1996; however, from 1997 to 2003 with-
drawals again increased and, by 2003, were estimated at  
31 Mgal/d. In the southern Coastal Plain, withdrawals 
decreased during 1983–98; thereafter, withdrawals increased 
slightly to 37 Mgal/d in 2003. 

As a result of ground-water withdrawals, a regionally 
extensive cone of depression in the Middle Potomac-Raritan-
Magothy aquifer encompasses much of the study area and 
extends from the Raritan Bay in the northeast to eastern 
Maryland in the southwest. Water-level altitudes ranged from 
highs of more than 70 ft NGVD 29 near the outcrop area in 
central Mercer and Middlesex Counties to -72 ft NGVD 29 at 
the center of the cone of depression in southern New Jersey. In 
New Castle County, Delaware, water levels ranged from 68 ft 
NGVD 29 near the northwestern limit of the aquifer to more 
than 50 ft below NGVD 29 in the Middletown area. Increases 
in withdrawals from 1998 to 2003 caused water levels to 
decline from 5 ft to 9 ft along the border between Monmouth 
and Middlesex County, and within the undifferentiated portion 
of the aquifer in parts of northern Ocean County, water levels 
were 2 to 10 ft lower than in 1998. Similarly, declines in water 
levels of up to 13 ft were observed in Camden County, though 
the declines occurred near individual wells or well fields and 
were limited in extent. Reduced ground-water withdrawals 
near the northern boundary of Critical Area 2 caused water 
levels to rise by as much as 10 ft. Elsewhere, within Critical 
Area 2 and the remainder of southern New Jersey, water levels 
in the Middle aquifer were stable to slightly recovering. Water 
levels in 2003 were 5 to 7 ft lower than in 1998 within the 
aquifer in central New Castle County, Delaware. The extent of 
freshwater in the Middle Potomac-Raritan-Magothy aquifer in 
the northern and southern counties of the New Jersey Coastal 
Plain remained about the same as in 1998.

Total ground-water withdrawals from the Lower Poto-
mac-Raritan-Magothy aquifer in New Jersey ranged from 
38 to 75 Mgal/d during 1978 to 2003. Withdrawal volumes 
peaked in the mid-1980s, decreased from 1985 to 2000; 
thereafter, withdrawals remained nearly constant at 38 Mgal/d. 
In 2003, two regional cones of depression, centered beneath 
the Camden area in southern New Jersey and in New Castle 
County, Delaware, characterized the potentiometric surface of 
the aquifer. Near the center of the Camden cone of depression, 
water levels declined during 1998–2003; however, near the 
western edge of this cone, water levels in many wells recov-
ered, most notably in the West Deptford area. Water levels 
in some wells rose more than 20 ft relative to 1998 levels, 

as a result of local reductions in ground-water withdrawals. 
Elsewhere in New Jersey, water levels in the aquifer remained 
stable or had risen from 1 to 8 ft. Water levels near the center 
of the major cone of depression in Delaware have stabilized 
since 1998. 
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Appendix 1

Water-level data for wells screened in the confined Cohansey aquifer and the Rio Grande 
water-bearing zone, New Jersey Coastal Plain, 1978–2003.
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Appendix 2

Water-level data for wells screened in the Atlantic City 800-foot sand, New Jersey 
Coastal Plain, 1978–2003.
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74  Water-level conditions in selected confined aquifers of the New Jersey and Delaware Coastal Plain, 2003
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Appendix 3

Water-level data for wells screened in the Piney Point aquifer, New Jersey and Delaware 
Coastal Plain and vicinity, 1978–2003.
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Appendix 4

Water-level data for wells screened in the Vincentown aquifer, New Jersey Coastal 
Plain, 1978–2003.
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Appendix 5

Water-level data for wells screened in the Wenonah-Mount Laurel aquifer, New Jersey 
and Delaware Coastal Plain, 1978–2003.
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Appendix 6

Water-level data for wells screened in the Englishtown aquifer system, New Jersey 
Coastal Plain, 1978–2003.
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Appendix 7

Water-level data for wells screened in the Upper Potomac-Raritan-Magothy aquifer, 
New Jersey and Delaware Coastal Plain and vicinity, 1978–2003.



100  Water-level conditions in selected confined aquifers of the New Jersey and Delaware Coastal Plain, 2003
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Appendix 8

Water-level data for wells screened in the Middle and undifferentiated Potomac-Raritan-
Magothy aquifer, New Jersey and Delaware Coastal Plain and vicinity, 1978–2003.



110  Water-level conditions in selected confined aquifers of the New Jersey and Delaware Coastal Plain, 2003
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112  Water-level conditions in selected confined aquifers of the New Jersey and Delaware Coastal Plain, 2003
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Appendix 9

Water-level data for wells screened in the Lower Potomac-Raritan-Magothy aquifer, 
New Jersey and Delaware Coastal Plain and vicinity, 1978–2003.
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For additional information, write to:
Director
U.S. Geological Survey
New Jersey Water Science Center
Mountain View Office Park
810 Bear Tavern Rd., Suite 206
West Trenton, NJ 08628

or visit our Web site at:
http://nj.usgs.gov/
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